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Preface

The Agency for Healthcare Research and Quality (AHRQ), through its Evidence-Based
Practice Centers (EPCs), sponsors the development of evidence reports and technology
assessments to assist public- and private-sector organizations in their efforts to improve the
quality of health care in the United States. This report was funded by the National Institutes of
Health Office of Medical Applications of Research (NIH OMAR). The reports and assessments
provide organizations with comprehensive, science-based information on common, costly
medical conditions and new health care technologies. The EPCs systematically review the
relevant scientific literature on topics assigned to them by AHRQ and conduct additional
analyses when appropriate prior to developing their reports and assessments.

To bring the broadest range of experts into the development of evidence reports and health
technology assessments, AHRQ encourages the EPCs to form partnerships and enter into
collaborations with other medical and research organizations. The EPCs work with these partner
organizations to ensure that the evidence reports and technology assessments they produce will
become building blocks for health care quality improvement projects throughout the Nation. The
reports undergo peer review prior to their release.

AHRQ expects that the EPC evidence reports and technology assessments will inform
individual health plans, providers, and purchasers as well as the health care system as a whole by
providing important information to help improve health care quality.

We welcome comments on this evidence report. They may be sent by mail to the Task Order
Officer named below at: Agency for Healthcare Research and Quality, 540 Gaither Road,
Rockville, MD 20850, or by e-mail to epc@ahrg.gov.
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Structured Abstract

Objective. To review and synthesize published literature on the efficacy of multivitamin/mineral
supplements and certain single nutrient supplements in the primary prevention of chronic disease
in the general adult population, and on the safety of multivitamin/mineral supplements and
certain single nutrient supplements, likely to be included in multivitamin/mineral supplements, in
the general population of adults and children.

Data Sources. All articles published through February 28, 2006, on MEDLINE,® EMBASE,®
and the Cochrane databases.

Review Methods. Each article underwent double reviews on title, abstract, and inclusion
eligibility. Two reviewers performed data abstraction and quality assessment. Differences in
opinion were resolved through consensus adjudication.

Results. Few trials have addressed the efficacy of multivitamin/mineral supplement use in
chronic disease prevention in the general population of the United States. One trial on poorly
nourished Chinese showed supplementation with combined B-carotene, vitamin E and selenium
reduced gastric cancer incidence and mortality, and overall cancer mortality. In a French trial,
combined vitamin C, vitamin E, B-carotene, selenium, and zinc reduced cancer risk in men but
not in women. No cardiovascular benefit was evident in both trials. Multivitamin/mineral
supplement use had no benefit for preventing cataract. Zinc/antioxidants had benefits for
preventing advanced age-related macular degeneration in persons at high risk for the disease.

With few exceptions, neither B-carotene nor vitamin E had benefits for preventing cancer,
cardiovascular disease, cataract, and age-related macular degeneration. B-carotene
supplementation increased lung cancer risk in smokers and persons exposed to asbestos. Folic
acid alone or combined with vitamin B12 and/or vitamin B6 had no significant effects on
cognitive function. Selenium may confer benefit for cancer prevention but not cardiovascular
disease prevention. Calcium may prevent bone mineral density loss in postmenopausal women,
and may reduce vertebral fractures, but not non-vertebral fractures. The evidence suggests dose-
dependent benefits of vitamin D with/without calcium for retaining bone mineral density and
preventing hip fracture, non-vertebral fracture and falls.

We found no consistent pattern of increased adverse effects of multivitamin/mineral
supplements except for skin yellowing by B-carotene.

Conclusion. Multivitamin/mineral supplement use may prevent cancer in individuals with poor
or suboptimal nutritional status. The heterogeneity in the study populations limits generalization
to United States population. Multivitamin/mineral supplements conferred no benefit in
preventing cardiovascular disease or cataract, and may prevent advanced age-related macular
degeneration only in high-risk individuals. The overall quality and quantity of the literature on
the safety of multivitamin/mineral supplements is limited.



Contents

EXECULIVE SUMIMATY ...cutitiiitiiiiiiieie ettt ettt st sa et st b e et st be et e e eaeenaes

EVIAENCE REPOIT ...ttt ettt ettt ettt et e reeeteeteeaseere s

SPECIIC ATINIS 1.ttt ettt ettt sttt et sb ettt sbe et eb e sbe et e eaeenaes
Use of Multivitamins/mineral Supplements in the United States.........ccccoceeevreeriieciienieenenne.
(0] 1100) 1 1 Tol DT T U RRTRUPR
Common Pathologic Mechanisms of Chronic DiS€ases ............ccueeeveerieeiiienieriieenieereenneenn
Possible Mechanisms of Action of Vitamins and Minerals in

Chronic Disease PreVeNtion .........cccueiuiiiiiiiiiieieeiesiee et
Factors that Affect the Efficacy and Safety of Vitamin/mineral Supplement

Use in Chronic Disease PreVention............cccecerierieiinienieiiesiesieeie e
Tolerable Upper Levels of Daily Nutrient Intake............cccoooiiiiiiiiiiiiniiieeeecee e,
Federal Regulation of Vitamin/mineral Supplements............c.ccccueeevierieeiieenieeiieenieeieeeee e
Conceptual Framework ..........cociiiiiiiiiiiiie ettt e

Chapter 2. MEthOAS ... .ceeeiieiieeiiee ettt ettt sttt e ettt e st e e bt e et e e sseesaeeenne
Recruitment of Technical Experts and Peer ReVIEWersS.........c.cocveveiieiiiiiiieniicieeieeeeee e
K@Y QUESTIONS ...ttt ettt ettt et e st e et e st e ebeesateenbeeenbeebeesneeeseannnas
Literature Search MethOdS ........cccuiiiiiiiiiiiieieieeeee et

SOUICES ...ttt ettt ettt ettt e e et e e e ettt e e e estaeeeessaaeeessssaaeeeasssseeeenssseeeeassseeeeassneaeans
Search terms and STrAtEEICS ........ccvieriieriieriieeieerie ettt ettt e ete et e ereessaesbeessaeesseessseensens
Organization and tracking of literature S€arch...........cccccecvieriiiieriieeeie e
THEIE REVIEW ...ttt ettt st be bt e sb e b e
ADSITACT REVIEW ...ttt ettt e b e ettt e e e e e saeas
Inclusion and eXClUSION CIILETIA .......evuiiruieiiiiieieeie sttt
Article Inclusion/EXCIUSION ....co.eiiiiiiiiiiii e e
Article Review/ Data ADStraction.........coeivuiriiriieriiiienieieeeceee e
Data abstracted to assess the efficacy of multivitamin/mineral supplements and
single nutrients (and related pairs of nutrients) in the primary prevention of
chronic diseases/conditions (Key Questions 1 and 3)........ccccceeveiiercieiniieiniee e,
Data abstracted to assess the safety of multivitamins/minerals and single nutrients
(selenium, iron, B-carotene, vitamin A, vitamin E, folic acid, and calcium
(with or without vitamin D)) (Key Questions 2 and 4)..........cccecceevvienienieeneeniieenieenns
Data abstracted from previous systematic reviews on vitamin D and calcium .................
Data abstracted from previous systematic reviews on nutrients other than
vitamin D and CalCium........ooiuiiiiiiiiiii e
QUALILY ASSESSITIENIL . ... eieuiieiieeiieeiieeteeeiteeteeetteeteesete e teesateeseessseeseesnseenseeanseenseesnseensneanseensaens
LD 1 BN 111 1T 1S SRRUPRRSR
Data Entry and Quality CONtrOl.........c.ooiuiiiiiiiiiiiiieie ettt
Grading of the EVIAENCE ......cccuviiiiiieeiiiecie et e e e
PRI REVIEW ...ttt ettt ettt et st sae et

vil



CRAPLEr 3. RESUILS ..eeiiiiieeiii ettt et e et e et e e et e e et e e ssaaeeennaeesnsaeesnseeenseeennns 27
Overall Results of Literature SEarch...........cocooeriiiiiniiiiiiiiinieeeeeeeseeee e 27
Key Question 1: What is the efficacy determined in randomized controlled trials of

multivitamin/mineral supplement use (defined as 3 or more vitamins and/or minerals
without herbs, hormones, or drugs), each at a dose less than the upper limit determined by
the food and nutrition board, in the general adult population for prevention against the

development of one or more chronic diseases or conditions? ...........ccceeeveeerveeerieeenveennns 27
INEEOAUCTION ...ttt ettt ettt et st e b e nas 27
Results of literature search for Key Question 1..........cccoeoiireiiiiiiiieciiiecieeceeeeee e 27
Design of randomized controlled trialS............ceevueeiieeiiienieiiieiece e 28
Similarity and heterogeneity in study design among trials..........cccccceeevvieeriieecieeecieeeeee, 29
SHUAY QUALIEY ..ottt ettt ettt e et e et esabe e saeenbeeseeenseeseens 29
CANCRT ..ttt et et e et e e bt e st e e st e e sab e et e et e et e e 29
CardiovasCular dISEASE.........eevuiruiiriieiieierieete ettt sttt ettt 30
TOtAl MOTEAIIEY ...eeeeiiieeiiee ettt e e e st e e ea e e enseeessseeessaeesaeeennsaens 30
Cataract and age-related macular degeneration ..............cceeecveerieeiiienieecieerie e 31
SUINIMATY ...ttt e e e et e e s ettt e e e s aaeeeesnssteeesensseeeeesnsseeesassaeeesanssneesanns 32

Key Question 2: What is Known About the Safety of use of Multivitamin/Mineral
Supplements (As Defined In Question 1), in the General Population of Adults and
Children, Based Primarily on Data From Randomized Controlled Trials and

ODbServational STUAIES?........eieiiiieiieeeiie ettt et e et e et eeeteeesseeessbeeessseeessseeennseeennns 32
ISSUES 10 CONSIACT ...enieiiieiie ettt ettt ettt ettt e et e st e et e e ssbeenbeeenbeensee e 32
Review of data on the safety/risk of multivitamin/mineral supplements ................cc..c..... 33

Key Question 3: What is the Efficacy Determined in Randomized Controlled
Trials of Supplementation with Single Nutrients Or Functionally Related
Nutrient Pairs, Each at a Dose Less than the UL Determined by the Food and
Nutrition Board, in the General Adult Population for Prevention Against

the Development of One or More Chronic Diseases Or Conditions?...........ccceceeeveeneennee. 34
[ @1 (o] 1<) 1 TSROSO 34
VIEAIMIN Aottt ettt ettt e e bt e et e e bt e s aaeesbeessbeenseesseeenbeesseaenseensaeenseeseeenne 37
VIAMIN E oottt et e et e e e e e e e e e abeeeaaaeenaaeens 38
Folic Acid and B VItAMINS .......ccueeiiiiiiiiiiiieiie ettt ettt 41
Vitamin B2 and NIACIN .....ccuvieeiiieeiiee ettt e et e e e e e e et eesaaeesseeesnsaeenes 43
SELEIIUIN ...ttt ettt et e et e st e e bt e stbeeabeessbeenseessseenseesseeenseenseesnseens 44
Calcium and Vitamin D .......ooocuiiiiiiiicie e e are e 46

Key Question 4: What is Known about the Safety of use of the Following Single
Nutrients in the General Population of Adults and Children, Based Primarily

on Data From Randomized Controlled Trials and Observational Studies?...........ccccee...... 53
Calcium and vItamin D ........oooiiiiiiiiii e 53
VAN Ao oo e et e et e e e et e e e e e ae e e e e eetaeaeeeetaeeeeennaeeeeeetreeeeennnees 53
RV 417 1555 1o 1) PR 54
BCATOLEIIE ...ttt ettt ettt e et e et e et eeeeeeteeetteeeseeeaseeseesaseeseeessseseeeseeeseea 54
SEIEIIUITI ..vvviviiiiiie ettt e e e e e e e et e e e eeeessessababaeeeeesesssssrataeeseessssnnnnns 55
| 140} s D U UPPUUT U 55

viil



Chapter 4. DISCUSSION ...cuvieiiieiiieiieeieesite et eette et esiteettesateesbeessbeeseesaseesseessseeseesnseeseessseenseensseenns 57

Summary of the Key FINAINGS ......ccoovviiiiiiieiiiee et 57
Efficacy of Multivitamins/mineral SUpplements.............cccoeveveeriierieenienieeiieeie et 59
EffICaCy Of B-CATOtENE ...c.vicvivieeieiieiieieieies ettt ettt besbeeseeseese e 60
Efficacy of VItamin B .......cccoiiiiiiiiiiecee ettt et 61
Vitamin/mineral Supplement Use and Total Mortality ...........ccccooveeviriiniieniniiniinieienienens 62
Timing and Duration of Supplement USE ..........cccueeeuieriiiiieriieieeeie et 63
Doses of Vitamin/mineral SUppIements ............ccceriiririiiiiinieniiieneceeeseeeeeeeeesee e 64
Safety ConSIACTALION ........eeiuiieiieitieeie ettt ete et ete et e e aeebeeeabeebeessaeesseessseenseessseenseenseeenns 64
LAIMIEATIONS ...ttt ettt ettt et e et e et e eab e e s st e eabeesateenbeeenbeenseesateenseannnas 65
CONCIUSIONS ...ttt ettt e bt e et e b e et e bt e e st e bt e st e enbeeeabeenbneebeens 66
FUture RESEATCH ........ooiiiiiiiie et ettt et 67
IINPIICALIONS. 1. evieeieeiiieeiie ettt et ettt e e et e ebeeesbeesbeessaeenseessseenseeesseesaesnseenseannnas 68
References and Included STUAIES .........coviiuiiiiiiiniieecee e 69
Figures

Figure 1. Conceptual framework for the prevention of chronic diseases and
conditions with vitamin/mineral supplements (circled numbers represent

the key questions addressed in this SyStemMAatiC TEVIEW ). ......ccueeerueerieeniienieeiieeieeiee e 81
Figure 2. Summary of literature search and review process (number of articles )...........ccceeueee.n. 82
Figure 3. Relative risk (RR)of total cancer, gastric cancer and esophageal cancer

incidence in relation to multivitamin/mineral supplement US€...........ccecvveeriverieeniieeieeneennnen. 83
Figure 4. Relative risk (RR) of total cancer, gastric cancer and esophageal cancer

mortality in relation to multivitamin/mineral supplement Use...........cccceevveerieeecreereeeieennennnen. 84
Figure 5. Relative risk (RR)of cardiovascular disease incidence in relation to

multivitamin/mineral SUPPIEMENTE USE........ccueeruiiriieriieeiieiieeie ettt sre e e eaeeaeeeenees 85
Figure 6. Relative risk (RR) of all cause mortality in relation to multivitamin/

MINETAl SUPPIEIMENT USC.....viiiiiiiieiiiiiieeiteite ettt ettt ete e et e e beesaeeseesaseesseessseensaesnsaenseeannas 86

Summary Tables

Table 1. Number of articles by key questions and disease categories..........ccecuvereeeueereersieenneenne 89
Table 2. Summary of randomized controlled trials on multivitamin/mineral
supplements and chronic diS€ase PreVENtION .........ccuieruieriierieeieeriieeieeete et eiee e eee e 90

Table 3. Assessment of the quality of randomized controlled trials on the efficacy of
multivitamin/mineral supplements and single nutrients in the prevention of

chronic diseases and CONAITIONS .......c..coiviririeiiiiicererereee ettt 98
Table 4. Grading of the quality of evidence of the efficacy of multivitamins/minerals

in the prevention of Chronic diSEASE..........ccviviierieeiieiie ettt reesaae e eee 102
Table 5. Summary of randomized controlled trials on beta-carotene and chronic disease.......... 103
Table 6. Grading of the quality of evidence of the efficacy of single nutrients in the

prevention Of ChroNIC dISEASE........ccuiieiuiiieiiieeiie ettt e et ve e e sareeeareeeaneas 111
Table 7. Summary of randomized controlled trials on vitamin E and chronic disease. .............. 113

X



Appendixes

Appendix A: Technical Experts and Peer Reviewers
Appendix B: Hand Searched Journals

Appendix C: Detailed Electronic Database Search Strategies
Appendix D: Excluded Articles

Appendix E: Example Review Forms

Appendix F: Evidence Tables

Appendix G: List of Acronyms

Appendixes and Evidence Tables for this report are provided electronically at
http://www.ahrq.gov/downloads/pub/evidence/pdf/multivit/multivit.pdf.




Executive Summary

Introduction

The Johns Hopkins University Evidence-based Practice Center (EPC) reviewed and
synthesized the published literature on four Key Questions:

1. What is the efficacy of multivitamin/mineral supplement use in the prevention of chronic
disease for the general adult population?

2. What is the safety of multivitamin/mineral supplementation in the general population of
adults and children?

3. What is the efficacy of single nutrients or functionally related nutrient pairs in preventing
chronic disease in the general adult population?

4. What is the safety of single nutrients or functionally related nutrient pairs in the general
population of adults and children?

Multivitamin/mineral supplements are the most commonly used nutritional supplements in
the United States. Most multivitamin/mineral supplements contain at least 10 vitamins or
minerals with a wide range of doses. Many individuals use multivitamin/mineral supplements for
prophylactic or disease-mitigating purposes.

Chronic disease is estimated to account for 35 million deaths worldwide. Cardiovascular
disease and cancer comprise a major proportion of chronic diseases in both developed and
developing countries. Other than cardiovascular disease and cancer, obesity-related diseases such
as type 2 diabetes, end-stage renal disease, and osteoarthritis are also becoming significant public
health problems. Many of these chronic diseases share common risk factors and underlying
pathologic mechanisms that may be modified by nutrients. Examples include reduction of
oxidative damage by antioxidants, DNA methylation regulated by folate and B vitamins, bone
metabolism regulated by vitamin D and calcium, and cell differentiation, proliferation, and
growth regulated by retinol, calcium, and vitamin D.

The biological effects of a nutrient are heavily dependent on its bioavailability. Key factors
determining the bioavailability of micronutrients are the chemical form in which the nutrient is
presented to the intestinal absorptive surface, the presence of other competing chemicals in the
intestinal lumen, the concentration of food constituents (such as phytates and other chelating
agents) that bind to the nutrient and make it unavailable for absorption, intestinal transit time,
and enzyme activity. A nutrient may affect not only the absorption of other nutrients, but also the
transport, tissue uptake, function and metabolism of other nutrients. Hence, concurrent ingestion
of several nutrients may result in synergistic, antagonistic, or threshold effects as compared to a
single nutrient. The efficacy of a single nutrient or multiple nutrients should be considered
separately unless no interactive or threshold effects can be found.

The United States Food and Nutrition Board has established the tolerable upper intake levels
(ULs) for several nutrients. By definition, a UL is the highest level of daily nutrient intake that is
likely to pose no risk of adverse health effects to almost all individuals in the general population.
Since the time when ULs were determined, several large-scale randomized controlled trials of



vitamin/mineral supplementation have been completed. An update of the data on adverse
effects/events will help to evaluate the appropriateness of the ULs.

Methodology

Our EPC established a team and a work plan to develop this evidence report. The project
consisted of recruiting technical experts, formulating and refining the specific questions,
performing a comprehensive literature search, summarizing the state of the literature,
constructing evidence tables, synthesizing the evidence into a report, and submitting the report
for peer review. The investigative team has strong expertise in nutrition, medicine, chronic
disease epidemiology, clinical trial methodology, HIV infection, ophthalmology, and
gerontology. In addition, the investigators have extensive experience in conducting research
projects specific to vitamins and minerals in the general population, children, and the elderly.

We defined multivitamin/mineral supplements as any supplements containing 3 or more
vitamins and/or minerals without herbs, hormones, or drugs, each at a dose less than the UL
determined by the Food and Nutrition Board. The general population is defined as community-
dwelling individuals who do not have special nutritional need (e.g., not institutionalized,
hospitalized, pregnant, or clinically deficient in nutrients). For efficacy, we considered data from
randomized controlled trials. For safety, we considered data from randomized controlled trials
and observational studies.

We used a systematic approach for searching the literature to minimize the risk of bias in
selecting articles for inclusion in the review. In this systematic approach, we had to be very
specific about defining the eligibility criteria for inclusion in the review. The systematic
approach was intended to help identify gaps in the published literature.”

To enhance our understanding of the efficacy of multivitamin/mineral supplements in
preventing chronic disease, we also considered evidence on the efficacy and the safety of
individual vitamins and minerals that are often included in multivitamin/mineral supplements.
The individual or functionally-related paired nutrients considered for efficacy issues were
calcium, folic acid, vitamin B6, vitamin B12, vitamin D, vitamin E, vitamin C, vitamin A, iron,
zinc, magnesium, vitamin B1, vitamin B2, niacin, calcium/vitamin D, calcium/magnesium, folic
acid/vitamin B12, and folic acid/vitamin B6. The nutrients considered for safety issues were
calcium (with or without vitamin D), folic acid, vitamin D, vitamin E, vitamin A, iron, selenium,
and B-carotene.

The following chronic diseases were considered: (a) breast cancer, colorectal cancer, lung
cancer, prostate cancer, gastric cancer, or any other malignancy; (b) myocardial infarction,
stroke; (¢) type 2 diabetes mellitus; (d) Parkinson’s disease, dementia; () cataracts, macular
degeneration, hearing loss; (f) osteoporosis, osteopenia, rheumatoid arthritis, osteoarthritis; (g)
non-alcoholic steatorrheic hepatitis, non-alcoholic fatty-liver disease; (h) chronic renal
insufficiency, chronic nephrolithiasis; and (i) HIV infection, hepatitis C, tuberculosis, and (j)
chronic obstructive pulmonary disease.



Literature Sources

We searched for articles published from 1966 through February 2006 using MEDLINE,"
EMBASE,” and the Cochrane database. Additional articles were identified by searching
references in pertinent articles, querying experts, and hand-searching the tables of content of 15
journals published from January 2005 through February 2006.

Eligibility Criteria

An article was included if it had data from a randomized controlled trial that assessed the
efficacy of multivitamin/mineral supplement use in preventing one or more of the chronic
diseases listed above. An article was excluded if it met any of the following exclusion criteria:
(1) not written in English; (2) contained no human data; (3) included only pregnant women; (4)
only infants; (5) only subjects of age less than or equal to 18 years (if a study included only
subjects of age less than or equal to 18 years, we included it only if it presented data on the
safety of a vitamin/mineral supplement) (6) included only patients with particular chronic
diseases; (7) included only patients receiving treatment for chronic disease or included only
patients in long-term care facilities; (8) only studied clinical nutritional deficiency; (9) contained
no useful information applying to the Key Questions; (10) did not address the use of
supplements; (11) did not address the use of supplements separately from dietary intake; (12) did
not cover the defined disease endpoints or; (13) was an editorial, commentary, or letter.
Additionally, an article could be excluded if it applied to Key Question 1 and/or 3 but was not a
randomized controlled trial or a systematic review and did not address safety issues. However,
we included observational studies for the Key questions about the safety of vitamin/mineral
supplements. Differences in opinions regarding abstract inclusion or exclusion were resolved
through consensus adjudication.

Article Inclusion/exclusion

Each article underwent title review, abstract review, and inclusion/exclusion review by
paired reviewers. Differences in opinions at abstract and inclusion/exclusion review were
resolved through consensus adjudication.

Assessment of Study Quality

Each eligible article was reviewed by paired reviewers who independently rated the quality
of each study with respect to the categories: representation of study participants (4 items), bias
and confounding (12 items), descriptions of study supplements and supplementation (2 items),
adherence and follow up (6 items), statistical analysis (6 items), and conflict of interest (1 item).
Reviewers assigned a score of zero (criterion not met), one (criterion partially met), or two
(criteria fully met) to each item. The score for each quality category was the percentage of the
total score available in each category and could range from 0 to 100 percent. The overall quality
score was the average of the six categorical scores.



Data Extraction

Paired reviewers abstracted data on study design, geographical location, study period,
participants’ eligibility, sample size, recruitment settings, demographic and lifestyle factors of
participants, prior supplement use, intervention (type, dose, and chemical forms of study
supplements, and duration, frequency, and timing of study supplement use), and results. Data
abstraction forms were completed by a primary reviewer, and verified for completeness and
accuracy by a second reviewer. Differences in opinions were resolved through adjudication. We
used a systematic approach for extracting data from the studies to minimize the risk of bias in
how we extracted data from eligible studies. By creating standardized forms for data extraction,
we sought to maximize consistency in identifying all pertinent data available for synthesis.

Results

The literature search process identified 11,324 citations potentially relevant to the Key
Questions. We excluded 849 duplicate citations. In the title review process, we excluded 6,863
citations because they clearly did not pertain to the Key Questions. In the abstract review
process, we excluded 3,163 citations that did not meet one or more of the eligibility criteria.
Using the article inclusion/exclusion form, we then excluded an additional 386 articles that did
not meet one or more of the eligibility criteria. That left a total of 63 articles eligible for
inclusion in the review of one or more of the Key Questions.

Results from this systematic review indicated a paucity of data from randomized controlled
trials that specifically address the efficacy of multivitamin/mineral supplement use in the
prevention of chronic disease in the general population of the United States. The data were on
the efficacy of designed combinations of vitamins and minerals; none of the trials used one-a-day
multivitamins prevailing on the market in the United States. Data on cancer and cardiovascular
outcomes came from the Linxian General Population Trial in China and the Supplementation en
Vitamines et Mineraux Antioxydants (SU.VI.MAX) trial in France. The Linxian trial
documented that supplementation with combined -carotene, vitamin E and selenium
supplements at doses 1 to 2 times the United States Recommended Daily Allowance (RDA) for 5
years had 13 percent to 21 percent reductions in gastric cancer incidence, gastric cancer
mortality, and total cancer mortality in a poorly nourished Chinese population. The reduction in
cancer mortality was stronger in women than in men. There were no significant effects on total
cancer incidence and cerebrovascular mortality. The SU.VI.MAX study in a French population
documented a 31 percent reduction in overall cancer risk by use of vitamin C, vitamin E, -
carotene, selenium, and zinc at doses 1-2 times the RDAs for § years in men but not in women.
A 12 percent reduction in prostate cancer risk, particularly a 48 percent risk reduction in those
with normal prostate specific antigen levels at baseline, was found in men receiving active
supplements compared to men receiving placebo. There was no significant effect of the
combined antioxidants on ischemic cardiovascular disease incidence. In this trial, men had lower
serum levels of vitamin C and B-carotene than women at baseline.

Multivitamin/mineral supplement use for 3 to 6 years had no significant benefits in
preventing cataract in 3 trials in the United States (also in the United Kingdom in one trial) and
the Linxian trial. In the Age-Related Eye Disease Study (AREDS), high-dose zinc (10 times the
RDA) alone or combined with antioxidants (5 to 15 times the RDAs) had beneficial effects on
age-related macular degeneration only in those with intermediate age-related macular



degeneration in one or both eyes, or those with advanced age-related macular degeneration in
one eye.

Overall, data on total mortality rates pointed to either no increased risk or lower risk in the
groups with multivitamin/mineral supplement use. Total mortality was 9 percent lower among
those who received B-carotene, selenium, and vitamin E in the Linxian trial; there was no sex- or
age-difference in the relative risks. In AREDS, total mortality was 6 percent higher in the group
receiving antioxidants compared to the group receiving no antioxidants, but the increase was not
statistically significant. Among the participants at high risk for age-related macular degeneration,
total mortality was 13 percent to 20 percent lower in the groups receiving zinc alone or zinc
combined with antioxidants. In the SU.VI.MAX study, a sex-difference was documented for the
relative risk of total mortality among those receiving antioxidants and zinc compared to those
receiving placebo. In the REACT, the total mortality rate was not calculated. There were 9
deaths in the antioxidant group, whereas 3 deaths occurred in the placebo group.

Daily supplementation with B-carotene of 20 mg, 30 mg or 50 mg was not protective against
malignancies, cardiovascular disease outcomes, diabetes mellitus, cataract or age-related
maculopathy. Supplementation with B-carotene with or without vitamin A increased the
incidence of lung cancer in persons with asbestos exposure or in smokers, and was associated
with increased mortality. To date, there has been no randomized controlled trial that assessed the
efficacy of vitamin A alone in preventing chronic disease. Studies in selected populations
(nutritionally inadequate, smokers, or asbestos exposure) showed no benefit of combinations of
vitamin A and zinc or vitamin A and B-carotene for the prevention of stroke mortality,
esophageal or gastric cancer incidence, cardiovascular mortality, or all-cause mortality.

Vitamin E supplements (synthetic a-tocopherol 50 mg or 300 IU per day, natural vitamin E
500 IU, or natural source vitamin E, 600 IU per day) have been studied for primary prevention of
cancer, cardiovascular disease, cataract, and age-related eye disease. The evidence
predominantly comes from the Alpha-Tocopherol Beta-Carotene Cancer Prevention (ATBC)
study and the Women’s Health Study (WHS). There was a lack of effects of vitamin E in the
prevention of these diseases, except for a 32 percent reduction in prostate cancer incidence, a 41
percent reduction in the prostate cancer mortality, and a 22 percent reduction in colorectal cancer
in smokers in the ATBC study, and decreased cardiovascular deaths (primarily sudden death) in
the WHS participants, particularly in those aged 65 years or older. The findings on hemorrhagic
stroke were conflicting between the ATBC trial and the WHS; the former found a higher risk
with use of low-dose a-tocopherol supplements but the latter found a lower risk with use at a
high dose.

Two previous systematic reviews reported that supplementation with folic acid at a daily
dose of 0.75 mg or 30 mg, alone or in combination with vitamin B12 and/or vitamin B6 for 5-12
weeks, had no significant effects on cognitive function in 5 small randomized controlled trials.
Combined vitamin B2 and niacin supplement use for 5 years had no significant effects on
cerebrovascular mortality, total mortality, total cancer incidence, esophageal or gastric
dysplasia/cancer incidence, or esophageal or gastric cancer mortality in a poorly nourished
population in China.

In a study in persons with a history of non-melanoma skin cancer, supplementation with
selenium of 200 mcg per day had no effect on cardiovascular outcomes, but had protective
effects on total mortality and incidence of lung, colorectal, and prostate cancers. Another study
in China found a significantly reduced risk for liver cancer in those who used selenium
supplements of 200 mcg/day for two years.



Due to the substantial amount of efficacy data on calcium/vitamin D and osteoporosis, we
reviewed systematic review articles supplemented with updated data from recent randomized
controlled trials and data from randomized controlled trials that met our inclusion criteria, but
were not included in previous systematic reviews. The previous systematic reviews reported that
supplementation with calcium has short-term (particularly within one year) benefit on retaining
bone mineral density in postmenopausal women, and a possible effect in preventing vertebral
fractures. The reviews also indicated that combined vitamin D3 (700-800 IU/day) and calcium
(1000 mg/day) may reduce the risk of hip and other non-vertebral fractures in populations with
low levels of vitamin D and/or calcium. Recent published data from the Women’s Health
Initiative (WHI) trial were consistent with these systematic reviews in showing a 1.06 percent
higher hip bone density (p<0.02) and a 12 percent non-significant lower risk for hip fracture in
postmenopausal women after receiving calcium carbonate (500 mg twice a day) and vitamin D;
(200 IU twice a day) for an average of 7 years as compared to women receiving a placebo. In this
trial, participants were allowed to have self-selected use of multivitamin supplements as well as
calcium and vitamin D supplements up to 1000 mg and 600 IU per day, respectively, and thus
the WHI participants had higher intake of calcium (an average of 1150 mg per day) than the
general population (761 mg per day). The WHI trial found no benefit of calcium and vitamin D
supplementation in preventing colorectal cancer incidence.

For data on safety, we identified 10 studies using multivitamin/mineral preparations and 24
studies using single nutrients. Doses were usually 2 to 10 times the RDA. Overall, there was no
consistent pattern of increased adverse effects in the active group compared with the placebo
group, with the exception of changes in skin color, which was common in studies in which -
carotene was part of the multivitamin preparation. In the few studies where mortality was
compared between active and control groups, no significant adverse effect of
multivitamin/mineral supplementation on this outcome was found.

Supplementation with B-carotene with or without vitamin A increased the incidence of lung
cancer in persons with asbestos exposure or in smokers. Vitamin A supplementation moderately
increased serum triglyceride levels. Calcium supplementation increased the risk of kidney stones.
Vitamin E supplementation was associated with an increased incidence of epistaxis but was not
associated with an increased risk of more serious bleeding events, such as hemorrhagic stroke.
Iron supplementation was found to reduce weight gain in iron-sufficient, non-anemic children in
a small randomized controlled trial. More recent trials have not clarified this issue because they
targeted deficient populations and/or included other micronutrients in the intervention
formulation.

Future Research

In vitro studies and animal models have helped us to understand the function of nutrients
under a controlled environment. However, these types of studies often have over-simplified the
sophistication of the human body. There is a gap in our knowledge of how specific nutrients
work in vivo to prevent disease. Future research should be directed toward filling the gap by
developing valid in vivo biomarkers and applying them in the settings of randomized controlled
trials to examine how nutrients influence the body’s physiological function and pathological
processes, and how multiple nutrients work in concert to do so. Identifying an optimal dose in
dose-response studies is critical to guide the design of future large-scale randomized controlled
trials when the conduct of the trials is considered worthwhile.



Nutritional research has adopted a reductionist approach that emphasizes the role of
individual nutrients in physiologic function or disease process. In view of the complex
pathological processes of chronic diseases, the idea of using a single nutrient or a few nutrients
to modify disease risk carries considerable optimism. The design and conduct of several large-
scale randomized controlled trials on antioxidants was derived from epidemiological data that
showed a lower risk of chronic disease (predominantly cancer and cardiovascular disease) in
those who had higher circulating levels or dietary intake of some micronutrients. Because of
residual confounding and measurement errors in dietary assessment, dietary data from
observational studies can be better examined by patterns of food consumption with a multivariate
approach, rather than by ranking of specific nutrient intake with a univariate approach.

We have found that many studies did not report study participants’ self-selected supplement
use before and during the trial participation, and allowed self-selected supplement use during the
trial. Similarly, there was a lack of information on other variables that might have modified the
effects of study supplements. Furthermore, collective study findings also may not apply to every
individual. Additional research should be done, particularly in existing randomized controlled
trials, to examine how efficacy may vary by age, time since trial enrollment to diagnosis, self-
selected supplement use, dietary patterns, disease history, medication use, and/or genetic
polymorphisms.

With many food products being fortified with several nutrients, Americans’ dietary intake of
certain nutrients may well be above the RDAs. Hence, it is important to study the level of intake
among consumers and assess how nutrient fortification may influence the public’s health. An
adverse event reporting system needs to be in place to facilitate this type of research.

For policy making, research should be conducted to estimate the cost-effectiveness and the
risk/benefit profile of multivitamin/mineral supplement use or more generally, dietary
supplement use, in the general population. Such research should also consider subpopulations for
which these parameters may differ.



Chapter 1. Introduction

Purpose

Multivitamin/mineral supplements are the most commonly used nutritional supplements in
the United States.' Scientific evidence on the efficacy and safety of supplement use will serve as
the basis for us to identify knowledge gaps and inform the general public’s practice and future
research. This report synthesizes the published literature on the efficacy and the safety of
multivitamin/mineral supplements in the prevention of chronic disease for the general population
of adults, and on the efficacy and the safety of certain commonly-used single vitamin or mineral
supplements in the general population of adults and children. The content of this report will be
used by the National Institutes of Health (NIH) in preparing a State-of-the-Science Statement for
health care providers and the general public.

Specific Aims

The specific aims of this review are to synthesize evidence in the literature for addressing the
following Key Questions:

1. What is the efficacy determined in randomized controlled trials of multivitamin/mineral
supplements (defined as 3 or more vitamins and/or minerals without herbs, hormones, or
drugs), each at a dose less than the tolerable upper intake level (UL) determined by the

Food and Nutrition Board, in the general adult population” for preventiont against the

development of one or more of the following chronic diseases or conditions*?

a. Oncologic: breast cancer, colorectal cancer, lung cancer, prostate cancer, gastric
cancer, or any other malignancy (including colorectal polyps)

Cardiovascular: myocardial infarction, stroke

Endocrine: type 2 diabetes mellitus

Neurologic: Parkinson’s disease, cognitive decline, memory loss, dementia
Age-related sensory loss: cataracts, macular degeneration, hearing loss
Musculoskeletal: osteoporosis, osteopenia, theumatoid arthritis, osteoarthritis
Gastroenterologic: non-alcoholic steatorrheic hepatitis, non-alcoholic fatty-liver
disease

Renal: chronic renal insufficiency, chronic nephrolithiasis

Infectious: HIV infection, hepatitis C, tuberculosis

Pulmonary: chronic obstructive pulmonary disease

TP @ rh e a0 o

" General population is defined as community-dwelling individuals who do not have special nutritional need such as
those who are institutionalized, hospitalized, pregnant or clinically deficient in nutrients.”

T This review focused on primary prevention using the following definition as a guide. Primary prevention denotes
an action taken to prevent the development of a disease in a person who is well and does not have the disease in
question.'® Using this definition, we included studies of supplements that were used in patients with risk factors for
disease (e.g., type 2 diabetes mellitus or hypertension) to prevent one or more of the listed chronic diseases or
conditions (e.g., cardiovascular disease). We also included studies of supplements that were used in patients with
selected precursors of disease (e.g., polyps) to prevent a malignant disorder (e.g., colon cancer). We did not include
studies of supplements that were used in patients with carcinoma-in-situ or similar malignant conditions.
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2. What is known about the safety of use of multivitamin/mineral supplements (as defined
in question 1) in the general population of adults and children, based primarily on data
from randomized controlled trials and observational studies?

3. What is the efficacy determined in randomized controlled trials of supplementation with
the single nutrients or functionally related nutrient pairs listed below, each at a dose less
than the UL determined by the Food and Nutrition Board, in the general adult population
for prevention against the development of one or more of the chronic diseases or
conditions listed above for question 1?

a. calcium b. folic acid c. vitamin B6 d. vitamin B12
e. vitamin D f. vitamin E g. vitamin C h. vitamin A

i. 1iron j. zinc k. magnesium l.  vitamin Bl
m. vitamin B2 n. niacin 0. calcium/vitamin D

p. calcium/magnesium q. folic acid/vitamin B12

r. folic acid/vitamin B6

4. What is known about the safety of use of the following single nutrients in the general
population of adults and children, based primarily on data from randomized controlled
trials and observational studies?

a. calcium (with or without vitamin D) b. folic acid
c. vitamin D d. vitamin E e. vitamin A
f. iron g. selenium h. PB-carotene

Use of Multivitamin/mineral Supplements in the
United States

Multivitamins are the most commonly used dietary supplements in the United States.'
Multivitamin/mineral pills typically include at least 10 vitamins, and 10 minerals. They generally
contain 100 percent of the Recommended Daily Allowance (RDA) for those micronutrients for
which there are recommendations, except for calcium and certain other minerals, which are too
bulky to include more than a fraction of the RDA. Recently, variation in the formulation of
multivitamin/mineral supplements has occurred. Many of these supplements contain two to six
times the RDA. Often, formulations of B vitamins are 10 to 20 times the RDA. According to the
National Health and Nutrition Examination Survey (NHANES) 1999-2000, 35 percent of adults
reported use of multivitamin/mineral supplements in the month prior to the survey.'
Commercials have widely promoted dietary supplements. In 2005, 20.3 billion dollars were
spent on purchases of dietary supplements in the United States.” Many individuals use
vitamins/minerals supplements for prophylactic or disease-mitigating purposes. Whether long-
term use is efficacious and safe warrants rigorous scientific evaluation.
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Chronic Disease

Chronic disease is estimated to account for 35 million deaths worldwide.’ Cardiovascular
disease and cancer comprise a major proportion of chronic diseases in both developed and
developing countries.* Other than cardiovascular disease and cancer, obesity-related diseases
such as type 2 diabetes, end-stage renal disease, osteoarthritis and non-alcoholic steatorrheic
hepatitis are also becoming significant public health problems.”® The prevalence and incidence
of these diseases may rapidly increase in the near future in the United States because the
prevalence of obesity has increased from 23 percent to 30 percent during the 1990s.” At the same
time, the population is gradually aging, and age-related degenerative diseases/conditions claim
enormous health and economic tolls. Age-related cataract is the leading cause of blindness,
accounting for about 42 percent of all blindness globally.® Approximately one in five people over
age 65 live with age-related macular degeneration, and adults with advanced macular
degeneration have a markedly reduced quality of life and need for assistance with activities of
daily living.” The incidence of dementia also increases exponentially with age.'’ Alzheimer
disease accounts for more than half of dementia cases."'

Common Pathologic Mechanisms of Chronic Diseases

The etiology of most chronic diseases is multifaceted. However, many chronic diseases share
common risk factors and underlying pathologic mechanisms. Cigarette smoking/tobacco use,
sedentary lifestyle, unhealthy (high calorie, low fruit/vegetable intake) diet, and obesity are well
established as major risk factors of several chronic diseases. Cigarette smoke is a rich source of
oxidants (free radicals and reactive oxygen, nitrogen and chlorine species), whereas a diet low in
fruits and vegetables contains a low amount of antioxidants. Substantial evidence from in vitro
experiments, animal models and epidemiological observational studies suggests that oxidative
stress, a result of an imbalance between oxidative and reductive potential in favor of the former,
may play an important role in the initiation, promotion, and progression of cardiovascular
disease (in particular, ischemic heart disease and stroke), cancer, and several degenerative
diseases/conditions, such as age-related cataract, age-related macular degeneration and cognitive
decline.'*"” Oxidative damage to lipids by free radicals initiates and propagates chain reactions
that may be intercepted by antioxidants or otherwise lead to development of atherosclerosis and
mutagenesis.'>** Oxidative damage to DNA causes formation of DNA adducts, double strand
breaks, single strand breaks, aberrations and instability of chromosomes, and genomic instability,
all of which may result in mutagenesis and carcinogenesis.”' Oxidative damage to proteins may
affect enzyme expression and impair critical cellular signaling, leading to alterations in cell
function.*

It is well known that sedentary lifestyle, excessive caloric intake, and lack of physical
activities lead to obesity, and obese individuals have higher levels of inflammation, a key process
of host responses to infections and an important risk factor of cardiovascular disease and many
cancers and chronic conditions.”** Inflammatory responses can induce the generation of free
radicals and reactive species that cause oxidative stress and further exacerbate disease
processes.”

In addition to oxidative damage and inflammation, one-carbon metabolism has been
implicated to be important in several chronic diseases, particularly cardiovascular disease, renal
failure, neurological dysfunction, and cancer. An important step in one-carbon metabolism is the
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synthesis/metabolism of methionine. Methionine is a precursor of S-adenosylmethionine (SAM),
a universal methyl donor to DNA, RNA, protein, phospholipids, neurotransmitters and
hormones. Hypermethylation in the promoter regions of tumor suppressor genes and
chromosome aberrations due to global hypomethylation may lead to oncogenesis.”**” In
methionine synthesis, an intermediate molecule is homocysteine, which has been found to be
associated with increased risk of coronary artery disease, stroke, peripheral vascular disease,
cognitive impairment, dementia, depression, osteoporotic fractures, and functional decline.”®

Other pathways by which chronic disease develops may or may not be modifiable by
vitamins/minerals. Examples of these factors include but are not limited to genetic susceptibility,
growth factors, and capacity of detoxification.

Possible Mechanisms of Action of Vitamins and Minerals in
Chronic Disease Prevention

Multivitamin/mineral supplements often contain vitamin A, B-carotene, vitamin Bl
(thiamine), vitamin B2 (riboflavin), vitamin B6 (pyridoxine), vitamin B12 (cyanocobalamin),
vitamin C, vitamin D, vitamin E, folic acid, niacin, calcium, iron, zinc, magnesium, and
selenium. These nutrients have numerous biological effects and have garnered considerable
research interest in their potential as chemo-preventive agents for the prevention of chronic
disease.

As described previously, a common process of chronic disease is oxidative damage by free
radicals or reactive species. Multiple systems work in concert to protect the human body from
oxidative damage. Endogenous enzymatic antioxidants, such as copper- and zinc-, or
manganese-containing superoxide dismutase, selenium-dependent glutathione peroxidase, and
catalase, can catalyze radical- and peroxide-quenching reactions. Nonenzymatic antioxidants
include but are not limited to vitamin C, vitamin E, bilirubin, urate, flavanoids, and certain
carotenoids (e.g., B-carotene and lycopene). In addition, metal-binding proteins can quench iron
and copper ions which, if free, can catalyze oxidative reactions.”

Folate, vitamin B6, and vitamin B12 influence methylation by supplying methyl groups and
are essential for nucleotide synthesis, DNA synthesis, and DNA repair.”” Folate and B vitamins
maintain normal brain function through the methylation of neurotransmitters, phospholipids and
myelin.*' They are also essential in homocysteine metabolism because irreversible
transsulfuration and the re-methylation of homocysteine rely on coenzymes derived from vitamin
B6, vitamin B12, and folate. A previous meta-analysis indicated that daily supplementation with
folic acid of 0.5-5 mg and vitamin B12 of approximately 0.5 mg would reduce blood
homocysteine concentrations by up to one-third, whereas vitamin B6 did not have a significant
additional effect.”” However, whether a reduction in homocysteine leads to decreased risk for
clinical outcomes awaits evidence from randomized controlled trials.

In addition to anti-oxidation and regulation of methylation, vitamins and minerals may have
inhibitory effects on inflammation (y-tocopherol, zinc, and vitamin A) and angiogenesis (o-
tocopherol, vitamin A, vitamin C, vitamin D). Some may also regulate cell differentiation,
proliferation, and apoptosis (vitamin A, a-tocopherol, vitamin D, calcium) and enhance
immunity (vitamin A, zinc, vitamin E, vitamin C, calciurn).3 340 Vitamin C may be useful in the
prevention or management of osteoarthritis through collagen synthesis,*' and vitamin D may
prevent the progression of osteoarthritis by impairing bone’s response to the pathophysiological
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process of the disease.”” Magnesium and calcium are important in regulating blood pressure.™”

Calcium may also have beneficial effects on cholesterol levels and body weight, and may shield
the contact of carcinogen with bowel mucosa by forming insoluble chemical complexes with bile
acid and fat.***® Several meta-analyses have addressed the effects of calcium and/or vitamin D
supplementation on bone density, osteoporosis, fractures, and falls.*’”** The evidence has led the
Food and Drug Administration (FDA) to authorize health claims in the labeling of calcium
supplements for the benefits in osteoporosis prevention. The 2004 United States Surgeon
General’s Report on Bone Health and Osteoporosis has clearly stated the importance of calcium
and vitamin D in maintaining healthy bones and preventing osteoporosis.”> However, intake of
vitamin D and calcium from food source has been generally inadequate in American adults; only
4 percent of individuals of age greater than 51 years meet the Adequate Intake level of vitamin
D,** and the average calcium intake in American adults was estimated to be 761 mg per day,
below the Recommended Dietary Allowance for adults (1,000-1,200 mg).”

Factors that Affect the Efficacy and Safety of Vitamin/mineral
Supplement Use in Chronic Disease Prevention

Perturbation of metabolism and other physiologic function often occurs in persons with
established chronic disease. Accordingly, evaluation of the efficacy and safety of
multivitamin/mineral supplement use should be made separately for primary versus secondary
prevention. In addition to individuals’ health status, several factors may affect the efficacy and
the safety of vitamin and/or mineral supplement use in chronic disease prevention, such as
individuals’ nutritional status, bioavailability of nutrients, nutrient-nutrient interaction, chemical
forms and doses of supplements, timing and duration of supplement use, among others.

Age, sex, race, genetic susceptibility, geographic location, smoking, diet, physical activity,
obesity, and sunlight exposure are important factors because they affect individuals’ baseline
nutritional levels and may modify the efficacy and safety of supplement use. Geographical
location is also relevant because dietary intake of selenium depends on the selenium content of
the soil where plants are grown or animals are raised. In addition, ecological studies have linked
areas with increased selenium levels to lower rates of lung, colorectal, bladder, esophageal,
pancreas, breast, ovarian, and cervical cancers.*®

After a nutrient is ingested, its biological effects are heavily determined by the
bioavailability, i.e., the absorbable fraction that affects the biological effects of the nutrient by
modulating the amount of the nutrient entering the body. Key factors determining the
bioavailability of a micronutrient are the chemical form in which the nutrient is presented to the
intestinal absorptive surface, the presence of other competing chemicals the concentration of
food constituents (such as phytates and other chelating agents) that bind to the nutrient and make
it unavailable for absorption, intestinal transit time, and enzyme activity. For example, synthetic
vitamin E has approximately 50 percent the bioavailability of natural vitamin E, and use of a-
tocopherol can reduce the bioavailability of other forms of vitamin E,” after competing for the
uptake into very low-density lipoproteins (VLDL) by a-tocopherol transfer protein in the liver.
Hence, factors influencing the bioavailability of a nutrient are important to consider when
assessing the effects of multiple micronutrient preparations.

One nutrient may affect the absorption, transport, tissue uptake, function and metabolism of
other nutrients. Accordingly, the concurrent ingestion of several nutrients may result in
synergistic, antagonistic, or threshold effects as compared to a single nutrient. Hence, the
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efficacy of a single nutrient vs. multiple nutrients should be considered separately unless no
interactive or threshold effects can be found. Examples of nutrient-nutrient interactions include
vitamin B12 and selenium modification of host’s responses to inadequate dietary intake of folic
acid. An excessive intake of folic acid may obscure vitamin B12 deficiency.”® Zinc regulates the
absorption, transport and utilization of vitamin A.”” Calcium and vitamin D are inter-related
metabolically in bone and intestine.

The chemical form of a nutrient may also determine its effects. For example, rather than an
antioxidant effect, a-tocopheryl succinate has anti-proliferative effects in in vitro settings. Doses
of supplements and duration of use are directly relevant to the efficacy, particularly for lipid
soluble vitamins that can be accumulated in the tissue for a long-term.

The Tolerable Upper Intake Levels of Daily Nutrient Intake

The United States Food and Nutrition Board established tolerable ULs for several nutrients.
By definition, a UL is the highest level of daily nutrient intake that is likely to pose no risk of
adverse health effects to almost all individuals in the general population.®” A UL is determined
by the following steps: (1) hazard identification based on in vitro experiments, animal studies,
and/or human studies, (2) dose-response assessment to identify the no-observed-adverse-effect
level (NOAEL) or lowest-observed-adverse- effect level (LOAEL), which is then weighed with
an uncertainty factor (UF) to derive the UL. In the case where toxicity data are unavailable from
children, an extrapolation from the ULs determined for adults is made based on body weight
difference. The strength of the evidence for determining a UF varies and therefore the choice of a
UF has leeway of subjectivity. The UL of vitamin E for adults is determined primarily based
upon its hemorrhagic effects in rats.”” The UL of iron, zinc, and selenium was determined based
on gastrointestinal symptoms, reduced copper status, and hair and nail brittleness and loss,
respectively.®’ Since the time when ULs were determined, several large-scale randomized
controlled trials of vitamin/mineral supplementation have been completed. An update on the data
regarding adverse effects will help to evaluate the appropriateness of ULs.

Federal Regulation of Vitamin/mineral Supplements

The United States FDA regulates dietary supplements under the Dietary Supplement Health
and Education Act (DSHEA) of 1994 which states that supplements containing ingredients
marketed prior to the enactment of DSHEA are not subject to pre-market burden on proof of
safety. Many vitamins and minerals, such as vitamin A, vitamin B, vitamin C, vitamin D,
vitamin E, calcium, and magnesium, with established nutritional function, fall into this category
and have been grandfathered as Generally Recognized As Safe (GRAS).®"** However, the
determination of GRAS was primarily based on experts’ opinions or a history of safe use before
January 01, 1958 when the Food Additives Amendment to Food, Drug, and Cosmetic Act was
enacted. A lack of high-quality data before 1958 is conceivable when an adverse event reporting
system was not in place.
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Conceptual Framework

Figure 1 demonstrates the conceptual framework used to guide this systematic review,
focusing on primary prevention of chronic disease. Chronic disease endpoints are the outcomes
of interest. A biomarker endpoint is considered if the biomarker is a marker of disease
progression or the biomarker is reported as an adverse effect of supplement use. Bone mineral
density, cognitive function, and fasting glucose were considered as biomarker endpoints for
efficacy in this review. The framework acknowledges that vitamin and mineral supplements have
many biologic effects that could help to prevent chronic disease outcomes. The framework also
acknowledges potential adverse effects of vitamin and mineral supplements.
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Chapter 2: Methods

The NIH Office of Medical Applications of Research (OMAR) requested an evidence report
to review and synthesize the evidence on multivitamin/mineral supplements and prevention of
chronic disease. Our Evidence-based Practice Center established a team and a work plan to
develop the evidence report. The project consisted of recruiting technical experts, formulating
and refining the specific questions, performing a comprehensive literature search, summarizing
the state of the literature, constructing evidence tables, synthesizing the evidence and submitting
the report for peer review.

Recruitment of Technical Experts and Peer Reviewers

At the beginning of the project, we recruited a panel of internal and external technical experts
to give input on key steps including the selection and refinement of the questions to be
examined. The panel included two internal technical experts from the Johns Hopkins University
who have strong expertise in various aspects of the efficacy and/or safety of
multivitamins/minerals and evidence-based medicine, and external experts who have strong
expertise in nutritional research (see Appendix A%). In addition to this panel of technical experts,
we recruited a few additional experts to serve as peer reviewers of the evidence report, as
described further in the section on Peer Review.

Key Questions

We worked with the technical experts and representatives of OMAR and the Agency for
Healthcare Research and Quality (AHRQ) to develop the Key Questions that are presented in the
Specific Aims section of Chapter 1 (Introduction). We expanded the preliminary questions to
include functionally related nutrient pairs, tuberculosis, hepatitis C, and pulmonary disease, and
limited the questions involving efficacy to randomized controlled trials. The Key Questions
focus on the efficacy of multivitamins/minerals (and specific single nutrients and functionally
related pairs) in the prevention of chronic diseases and conditions as well as the safety of
multivitamin/minerals and specific nutrients.

Literature Search Methods

Searching the literature included the steps of identifying reference sources, formulating a
search strategy for each source, and executing and documenting each search. Additionally, we
searched for medical subject heading (MeSH) terms that were relevant to the specific nutrients
and diseases specified in Key Question 1 to help develop the search strategy. We used a
systematic approach for searching the literature to minimize the risk of bias in selecting articles
for inclusion in the review. In this systematic approach, we had to be very specific about defining
the eligibility criteria for inclusion in the review. The systematic approach was intended to help

8 Appendixes cited in this report are provided electronically at: http://www.ahrg.gov/clinic/tp/multivittp.htm
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identify gaps in the published literature. We used a systematic approach for extracting data from
the studies to minimize the risk of bias in how we extracted data from eligible studies. By
creating standardized forms for data extraction, we sought to maximize consistency in
identifying all pertinent data available for synthesis.

Sources

Our comprehensive search plan included electronic and hand searching. Beginning in August
of 2005 we ran searches of the following databases: MEDLINE®, EMBASE,® and the Cochrane
database including Cochrane Reviews and The Cochrane Central Register of Controlled Trials
(CENTRAL). These searches were updated to include all articles published up until November 1,
2005. The FDA Adverse Event Reporting System (AERS) was researched. AERS covers drug
adverse events and does not include reports on supplements. A similar reporting system exists
for reporting adverse events associated with supplements; the Center for Food Safety and
Applied Nutrition (CFSAN). CFSAN does not have a searchable database.

Hand searching for possibly relevant citations took several forms. Our experts identified 15
journals that were thought to be most likely to contain relevant studies (see Appendix B%). We
scanned the table of contents of each issue of these journals for relevant citations from January
2005 through February 2006. For the second form of hand searching, reviewers received eligible
articles and flagged references of interest for the team to compare to the existing database. We
used SRS® 3.0 (TrialStat! Corporation, Ottawa, Ontario, Canada), a Web-based software package
developed for systematic review data management, to track the article flagging.

Search terms and strategies

Search strategies, specific to each database, were designed to enable the team to focus
available resources on articles most likely to be relevant to the Key Questions, given that an
enormous body of literature exists on vitamins and minerals. Initially, we developed a core
strategy for MEDLINE, accessed via PubMed, based on an analysis of the MeSH terms and text
words of key articles identified a priori. The PubMed strategy formed the basis for the strategies
developed for the other electronic databases (see Appendix C%).

Organization and tracking of literature search

The results of the searches were downloaded and imported into ProCite® version 5 (ISl
ResearchSoft, Carlsbad, CA). From ProCite, the articles were uploaded to SRS 3.0. We used the
duplication check feature in SRS 3.0. This feature allowed us to scan for exact article duplicates,
author/title duplicates, and title duplicates. Additionally, this database was used to store citations
in portable document format (PDF) and to track the search results at title review, abstract review,
article inclusion/exclusion, and data abstraction levels (Figure 2). A list of excluded articles is
presented in Appendix D®.

aAppendixes cited in this report are provided electronically at: http://www.ahrg.gov/clinic/tp/multivittp.htm
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Title Review

After the electronic databases were searched, citations were downloaded into ProCite, and
uploaded to the SRS 3.0 tracking system. The study team scanned all titles. Two independent
reviewers conducted title scans in a parallel fashion. For a title to be eliminated at this level, both
reviewers had to indicate that it was ineligible. If the two reviewers did not agree on the
eligibility of an article, it was automatically promoted to the next level (see Appendix E?, Title
Review Form). The title review phase was designed to capture as many studies as possible
reporting on the efficacy of single nutrients, related nutrient pairs, and multivitamins/minerals in
the primary prevention of chronic diseases and conditions as well as the safety of
multivitamins/minerals and a specified set of nutrients. All titles that were thought to address the
above efficacy and or safety issues were promoted to the abstract review phase.

Abstract Review

Inclusion and exclusion criteria

The abstract review phase was designed to identify studies reporting on the efficacy of single
nutrients, related nutrient pairs, and multivitamins/minerals in the primary prevention of chronic
diseases and conditions as well as the safety of multivitamins/minerals and a specified set of
nutrients. Investigators determined whether studies involving efficacy were randomized
controlled trials and applied to primary prevention as previously defined in the Specific Aims
section of Chapter 1. Investigators were instructed that articles relating to safety did not need to
be randomized controlled trials. This review was primarily interested in safety studies on
multivitamin/mineral supplements as well as a defined set of single nutrients for which
reasonable concerns exist regarding potential adverse effects in the doses used. All articles with
abstracts meeting these criteria were kept for further review. Abstracts were reviewed
independently by two investigators, and were excluded if both investigators agreed that the
article met one of the following exclusion criteria: (1) not written in English; (2) contained no
human data; (3) included only pregnant women; (4) only infants; (5) only subjects of age less
than or equal to 18 years (if a study included only subjects of age less than or equal to 18 years,
we included it only if it presented data on the safety of a vitamin/mineral supplement) (6)
included only patients with particular chronic diseases; (7) included only patients receiving
treatment for chronic disease or included only patients in long-term care facilities; (8) only
studied clinical nutritional deficiency; (9) contained no useful information applying to the Key
Questions; (10) did not address the use of supplements; (11) did not address the use of
supplements separately from dietary intake; (12) did not cover the defined disease endpoints or;
(13) was an editorial, commentary, or letter. Additionally, an article could be excluded if it
applied to Key Question 1 and/or 3 but was not a randomized controlled trial or a systematic
review and did not address safety issues. (see Appendix E, Abstract Review Form). Differences
in opinions regarding abstract inclusion or exclusion were resolved through consensus
adjudication. At this level of inclusion/exclusion, the reviewers were also asked to identify which

aAppendixes cited in this report are provided electronically at: http://www.ahrg.gov/clinic/tp/multivittp.htm
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nutrient(s) each article addressed as well as the Key Questions the article might apply to if the
article was eligible.

Article Inclusion/Exclusion

Because of the broad array of potentially eligible articles obtained at the abstract review
phase, full articles initially selected for review underwent another independent parallel review by
investigators to determine if they should be included for full data abstraction. At this phase of
review, investigators determined which of the Key Questions each article addressed, and what
type of protocol was used in the study (see Appendix E, Article Inclusion/Exclusion Form). If
articles were still deemed to have applicable information, they were included in the final article
review. Differences in opinions regarding article inclusion or exclusion were resolved through
consensus adjudication.

Article Review/Data Abstraction

The purpose of the article review was to confirm the relevance of each article to the research
questions, to determine methodological characteristics pertaining to study quality, and to collect
evidence that addressed the research questions. Articles eligible for full review could address one
or more of the Key Questions. If reviewers determined that an article addressed both efficacy and
safety, multiple data abstraction forms were used. We used a systematic approach for extracting
data from the studies to minimize the risk of bias in how we extracted data from eligible studies.
By creating standardized forms for data extraction, we sought to maximize consistency in
identifying all pertinent data available for synthesis.

Each article underwent double review by study investigators for full data abstraction and
assessment of study quality. For all data abstracted from studies, we used a sequential review
process. In this process, the primary reviewers completed all data abstraction forms. The second
reviewer confirmed the first reviewer’s data abstraction forms for completeness and accuracy.
Reviewer pairs were formed to include personnel with both clinical and methodological
expertise. A third reviewer re-reviewed a random sample of articles marked as “ineligible” by
the first two reviewers to ensure consistency in the classification of the articles. Reviewers were
not masked to the articles’ authors, institution, or journal. In most instances, data were directly
abstracted from the article. If possible, relevant data were also abstracted from figures.
Differences in opinion were resolved through consensus adjudication. For assessments of study
quality, each reviewer independently judged study quality and rated items on quality assessment
forms. (see Appendix E, Data Abstraction Review Forms)

For all articles containing original data, reviewers extracted information on general study
characteristics such as study design, study period and follow up, study participants, sample size,
and prior supplement use (see Appendix E, Data Abstraction Review Forms). Data abstracted to
the “Arm” forms (see Appendix E, Data Abstraction Review Forms) included: placebo or
intervention; nutrients studied; chemical form; dose; units; frequency of use; timing of use; and
duration of use.

For studies addressing efficacy (Key Question 1 and/or 3), an outcomes form for efficacy
(see Appendix E, Data Abstraction Review Forms) was filled out to obtain the information on
study outcomes and adverse effects, and the results from subgroup analyses. Additionally, a
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specific study quality form was filled out (quality forms were filled out independently) to assess:
representativeness of the study population; bias and confounding; description of study
supplements/supplementation; adherence and completeness of follow up; statistical analysis; and
conflict of interest (see Appendix E, Data Abstraction Review Forms).

Reviewers used an outcomes form to abstract data from articles addressing safety (Key
Questions 2 and/or 4) on adverse effects/events and criteria for causality (see Appendix E, Data
Abstraction Review Forms).

We also abstracted data from systematic reviews that specifically applied to our Key
Questions. This included systematic reviews of calcium and/or vitamin D only, and reviews of
studies other than calcium and/or vitamin D only (see Appendix E, Data Abstraction Review
Forms).

All information from the article review process was entered into the TrialStat database by the
individual completing the review. Reviewers entered comments into the system whenever
applicable. The TrialStat database was used to maintain and clean the data, as well as to create
detailed evidence tables and summary tables (see Appendix F and Summary Tables).

Data abstracted to assess the efficacy of multivitamin/mineral
supplements and single nutrients (and related pairs of nutrients) in
the primary prevention of chronic diseases/conditions

(Key Questions 1 and 3)

Avrticles were reviewed to obtain information on (1) study characteristics, (2) study
participants, (3) study supplements, and (4) study results. Specific abstracted data on study
characteristics were: study name and abbreviation (if available), types of study design, study
period, chronological follow up period, median/mean follow up duration, eligibility criteria for
trial enrollment, sample size, study site, and recruitment setting. The inclusion of the item on
recruitment setting was intended to capture the source population from which the study
population was established. Specific abstracted data on participants’ characteristics were: age,
sex, race, smoking, alcohol, and body mass index (BMI). These factors were considered by the
team members to be important confounding variables. Other characteristics reported in the article
were also abstracted. Specific abstracted data on study supplements were: control (placebo, no
dietary supplements or no standard care, standard care, nutritional/dietary education) and
intervention arms (list of nutrients). The chemical form, total dose per ingestion, dose unit, and
frequency, timing and duration of use of study supplements were abstracted. For clinical
endpoints, data abstracted were: outcome measures, number of events, person years, incidence
rates, and estimates of efficacy (relative risk, odds ratio, hazard ratio) along with the
corresponding 95% confidence intervals. For biomarker endpoints such as bone mineral density,
central and dispersion statistics of the biomarker measurements were abstracted.

Data abstracted to assess the safety of multivitamins/minerals and
single nutrients (selenium, iron, B-carotene, vitamin A, vitamin E, folic
acid, and calcium (with or without vitamin D)) (Key Questions 2 and 4)

Avrticles with safety data were reviewed to obtain information on (1) study characteristics, (2)
study participants, (3) randomized groups, and (4) study results. Specific abstracted data on study
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characteristics, study participants and study supplements were the same as those for Key
Questions 1 and 3. Specific abstracted data on study results were: the types of adverse
effects/events, whether the adverse effects/events occurred, numbers of adverse events, and
estimates of associations along with the corresponding 95% confidence intervals. For biomarker
endpoints, central and dispersion statistics of the biomarker measurements were abstracted.
Plausibility of causality was considered using the following criteria: temporal relationship, lack
of alternative causes, dose-response, relationship, evidence of increased circulating levels of the
nutrient under investigation, and response to re-challenge.

Data abstracted from previous systematic reviews on vitamin D and
calcium

Several systematic reviews have been published to address the efficacy of vitamin D and/or
calcium in the prevention of bone loss, osteoporosis and fractures. The most recent review article
was published in 2005. In addition, the University of Ottawa Evidence-based Practice Center
will soon release a systematic review that focuses on vitamin D, including the effect of
supplemental doses of vitamin D on bone density and fracture and fall risk. Since the studies on
vitamin D and/or calcium have been reviewed so recently, we reviewed the available systematic
reviews on this subject. Data from systematic review articles were abstracted regarding: (1) the
aim of the review, (2) exclusion criteria, (3) search strategies (databases, search terms), (4) range
of publication dates of reviewed articles, (5) number of trials in the review, (6) total numbers of
trial participants in vitamin D and/or calcium group and in the placebo groups, (7) range of
follow up periods, (8) range of proportions of participants lost to follow up, (9) trial participants’
characteristics (age, women, race/ethnicity groups), (10) inclusion of primary prevention trials
alone or a mixture of primary and secondary prevention trials, (11) chemical forms of vitamin D
and calcium, and (12) aggregate results of bone mineral density/content.

Data abstracted from previous systematic reviews on nutrients other
than vitamin D and calcium

We also abstracted the following data from published systematic reviews on nutrients other
than vitamin D and calcium: (1) the aim of the review, (2) exclusion criteria, (3) search strategies
(databases, search terms), (4) range of publication dates of reviewed articles, (5) number of trials
in the review, (6) total numbers of trial participants in vitamin/mineral group and in the placebo
groups, (7) range of follow up periods, (8) range of proportions of participants lost to follow up,
(9) trial participants’ characteristics (age, women, race/ethnicity groups), (10) inclusion of
primary prevention trials alone or a mixture of primary and secondary prevention trials, (11)
chemical forms of nutrients included in the review, and (12) aggregate estimates of efficacy
along with the corresponding 95% confidence intervals and p-values. Efforts were made to
abstract data from primary prevention trials included in systematic reviews that reviewed
evidence from both primary and secondary prevention trials.
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Quality Assessment

Article quality was assessed differently for different types of studies: efficacy studies
(randomized controlled trials only); safety studies; and systematic reviews. The dual,
independent review of article quality judged articles on several aspects of each study type’s
external and internal validity. Quality assessment of studies addressing efficacy included: (1) the
representativeness of the study population (description of the study population and where it was
drawn, and how well the participants’ characteristics were described); (2) bias and confounding
(whether this was controlled for in the study design and reported on in the study); (3) description
of supplements/supplementation; (4) description of adherence to study protocols and follow up
(flow of patients through the study over time, loss to follow up, and participant withdrawal); (5)
statistical analysis; and (6) conflict of interest.

Quiality assessment of studies addressing safety considered: (1) temporal relationships
between timing of supplement use and adverse events (how this was reported); (2) dose-response
relationship; (3) whether adverse effects disappeared after supplement use ceased; (4) serum
levels of supplements; (5) whether an alternative cause for the adverse event was investigated:
and (6) whether the adverse event re-occurred if the supplement was used again.

The quality of each systematic review was assessed using a different set of criteria: (1)
whether the question being addressed by the review was clearly stated; (2) comprehensiveness of
search methods used and described in the report; (3) whether inclusion/exclusion criteria were
clearly defined and appropriate; (4) whether analyses were conducted to measure variability in
efficacy; (5) whether study quality was assessed and done appropriately (using validated
instruments); (6) whether differences in how outcomes were reported and analyzed across studies
were taken into consideration; (7) whether the study methodology was reproducible; and (8)
whether conclusions were supported by the data presented.

For each study, we assigned a rating of high, medium or low quality for each domain of
study quality based on whether the score for that domain was designated High (80-100%),
Medium (50-79%), or Low (0-49%) quality.

Data Synthesis

For each Key Question, we created a set of detailed evidence tables containing all
information extracted from eligible studies. The investigators reviewed the tables and eliminated
items that were rarely reported. Investigators used the resulting versions of the evidence tables to
prepare the text of the report and selected summary tables.

Data Entry and Quality Control

Initial data were abstracted by investigators and entered directly into Web-based data
collection forms using; SRS® 3.0 (TrialStat! Corporation, Ottawa, Ontario, Canada). After a
second reviewer reviewed data, adjudicated data were re-entered into Web-based data collection
forms by the second reviewer. Second reviewers were generally more experienced members of
the research team, and one of their main priorities was to check the quality and consistency of the
first reviewers’ answers. In addition to the second reviewers checking the consistency and
accuracy of the first reviewers, a senior investigator examined all reviews to identify problems
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with the data abstraction. If problems were recognized in a reviewer’s data abstraction, the
problems were discussed at a meeting with the reviewers. In addition, research assistants used a
system of random data checks to assure data abstraction accuracy.

Grading of the Evidence

At the completion of our review, we graded the quantity, quality and consistency of the best
available evidence addressing Key Questions 1 and 3 by adapting an evidence grading scheme
recommended by the GRADE Working Group.®® We applied evidence grades to bodies of
evidence on each type of nutrient for each major type of outcome. We considered the strength of
the study designs with randomized controlled trials considered best, followed by non-randomized
controlled trials, observational studies, and case reports. We considered at least two randomized
controlled trials reporting on a specific outcome to constitute a body of evidence pertaining to
that outcome. If an outcome was evaluated by at least two randomized controlled trials as well as
observational studies and case reports, our evidence grade was based only on the randomized
controlled trials evaluating that outcome. If an outcome was evaluated by one or no randomized
controlled trials, our evidence grade was based on the single randomized controlled trial in
addition to the best available non-randomized controlled trial or the best available observational
studies (cohort studies considered best, followed by cross-sectional studies and studies with pre-
post observational design). We reported the number of studies within the category of best
available evidence to assess the quantity of evidence. We also assessed the quality and
consistency of the best available evidence, including assessment of limitations to individual
study quality (using individual quality scores), certainty regarding the directness of the observed
effects in studies, precision and strength of findings, and availability (or lack thereof) of data to
answer the Key Question. We classified evidence bodies pertaining to each Key Question into
four basic categories: (1) “high” grade (indicating confidence that further research is very
unlikely to change our confidence in the estimated effect in the abstracted literature); (2)
“moderate” grade (indicating that further research is likely to have an important impact on our
confidence in the estimates of effects and may change the estimates in the abstracted literature);
(3) “low” grade (indicating further research is very likely to have an important impact on
confidence in the estimates of effects and is likely to change the estimates in the abstracted
literature); and 4) “very low” grade (indicating any estimate of effect is very uncertain).

Peer Review

Throughout the project, feedback was sought from the technical experts through ad hoc
and formal requests for guidance. A draft of the completed report was sent to the technical
experts and peer reviewers, as well as to the representatives of the NIH and AHRQ. In response
to the comments of the technical experts and peer reviewers, revisions were made to the evidence
report, and a summary of the comments and their disposition has been submitted to AHRQ.
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Chapter 3. Results

Overall Results of the Literature Search

The literature search process identified 11,324 citations potentially relevant to the Key
Questions (see Figure 2). We excluded 849 duplicate citations. In the title review process, we
excluded 6,863 citations because they clearly did not pertain to the Key Questions. In the
abstract review process, we excluded 3,163 citations that did not meet one or more of the
eligibility criteria (see the list in the Methods chapter). Using the article inclusion/exclusion
form, we then excluded an additional 386 articles that did not meet one or more of the eligibility
criteria. That left a total of 63 articles eligible for inclusion in the review of one or more of the
Key Questions.

Key Question 1

What is the Efficacy Determined in Randomized Controlled Trials of Multivitamin/mineral
Supplement Use (Defined as 3 or More Vitamins and/or Minerals Without Herbs, Hormones, or
Drugs), Each at a Dose Less Than the UL Determined by the Food and Nutrition Board, in the
General Adult Population for Prevention Against the Development of one or More Chronic
Diseases or Conditions?

Introduction

Multivitamin/mineral supplements have been used by many as a simple means to ensure
adequate intake of several essential micronutrients in the hope for prophylactic benefits. Typical
multivitamin/mineral supplements on the market contain about 10 vitamins and 10 minerals,
such as vitamin A, vitamin C, B vitamins, vitamin E, folic acid, vitamin D, calcium, magnesium,
zinc, iron among others. The following section summarizes the evidence from randomized
controlled trials on the efficacy of multivitamin/mineral supplement use in the prevention of
chronic disease.

Results of literature search for Key Question 1

Our literature search identified 11 articles from randomized controlled trials that addressed
the efficacy of multivitamin/mineral supplements in the primary prevention of cancer,
cardiovascular disease, cataract and age-related macular degeneration. Data for other diseases
were lacking (Table 1). These studies used designed vitamin/mineral combinations, but not the
one-a-day type of multivitamin supplements available on the United States market.

The 11 articles documented results from 5 randomized controlled trials published from 1993
to 2005, including (1) the Linxian General Population Trial in China,®* % % 7% (2) the
Supplementation en Vitamines et Mineraux Antioxydants (SU.VL.MAX) study in France,”” ™ (3)
the Multi-center Ophthalmic and Nutritional Eye-Related Macular Degeneration Study
(MONMD) in United States veterans,’' (4) the Roche European American Cataract Trial
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(REACT) in the United States and United Kingdom,”* and (5) the Age-Related Eye Disease
Study (AREDS) in the United States.”

Design of randomized controlled trials

The Linxian General Population Trial (referred to as “Linxian Trial” henceforth) was a
fractional factorial trial designed to determine the efficacy of 8 vitamin/mineral combinations in
cancer prevention in 29,584 adults of ages 40 to 69 years from 4 Linxian communes® where the
rates of esophageal cancer were high. Users of any vitamins were ineligible for trial
participation. Vitamin/mineral supplements were combinations of the following: (A) retinol 5000
IU and zinc 22 mg, (B) riboflavin 3 mg and niacin 40 mg, (C) vitamin C 120 mg and
molybdenum 30 pg, and (D) B-carotene 15 mg, a-tocopherol 30 mg, and selenium 50 pug. The
combinations were AB, AC, AD, BC, BD, CD, ABCD, and placebo. The dose of each nutrient
ranged from 1 to 2 times the United States RDAs. The follow up period was 1986 to 1991. At the
end of the trial, 3,249 participants had eye exams,” and 391 participants had esophageal/gastric
endoscopy examinations® (Appendix F?, Evidence Tables 1a-1c).

The SU.VI.LMAX study was designed to determine the efficacy of a daily supplement of
antioxidants (vitamin C 120 mg, vitamin E 30 mg, B-carotene 6 mg, selenium 100 pg, and zinc
20 mg) for the primary prevention of cancer and ischemic cardiovascular disease in 13,017
French adults (7,876 women of age 35 to 60 years, and 5,141 men of age 45 to 60 years).”
Regular users of any of the vitamins/minerals provided in the study were ineligible for trial
participation. The follow up period was 1994 to 2002. Women had higher baseline serum -
carotene levels than men. Women also had slightly higher baseline serum levels of vitamin C but
lower levels of zinc and selenium. Information on self-selected supplement use was not provided
(Appendix F, Evidence Tables la-1c).

The MONMD study was aplacebo-controlled trial conducted in 1992 to evaluate nutritional
status in 71 United States veterans with dry age-related macular degeneration (AMD) and to
assess the efficacy of multivitamin/mineral supplement use for 18 months on the progression of
AMD and potential side effects. The daily multivitamin/mineral supplements included [3-
carotene 20,000 IU, vitamin E 200 IU, vitamin C 750 mg, citrus bioflavonoid complex 125 mg,
quercitin 50 mg, biberry extract 5 mg, rutin 50 mg, zinc picolinate 12.5 mg, selenium 50 mcg,
taurine 100 mg, n-acetyl cysteine 100 mg, I-glutathione 5 mg, vitamin B2 25 mg, and chromium
100 mcg. The study excluded people who had used vitamins in the year prior to enrollment.”*
The instruments used to measure cataract transparence were changed during the study period, but
the examiners were not well instructed on how to use the new instruments’' (Appendix F,
Evidence Tables la-1c).

REACT assessed the efficacy of a mixture of antioxidant supplements in preventing cataract
progression among 297 individuals in Boston, United States and Oxford and Bradford, United
Kingdom.” Regular users of any vitamin supplement were also excluded. Participants took a
placebo or combined B-carotene (6 mg, in the form of beadlets), vitamin C (250 mg), and all-rac
a-tocopherol acetate (200 mg) 3 times per day with meals. The follow up period was 1990 to
1995. (Appendix F, Evidence Tables 1a-1c).

The AREDS study was an 11-center trial that assessed the efficacy of zinc (80 mg zinc oxide
and 2 mg cupric oxide) and antioxidants (vitamin C 500 mg, vitamin E 400 IU, and -carotene

* Appendices cited in this report are provided electronically at: http://www.ahrq.gov/clinic/tp/multivittp.htm
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15 mg) in the development and progression of age-related lens opacities and visual acuity loss in
the United States.”" Participants were classified into 4 AMD categories according to the size
and the extent of drusen and retinal pigment abnormality in each eye, the presence of
manifestations of advanced AMD, and visual acuity. Persons in AMD category 1 (n=1,117)
were assigned to antioxidant or placebo, whereas persons in AMD categories 2 to 4 (n=3,640)
were assigned to placebo, antioxidants, zinc, or combined antioxidants and zinc. The follow up
period was 1992 to 2001. The major limitations were the option of multivitamin use (by 66% of
the participants) and self-selected use of non-study supplements (20% of participants) that
contain at least one of the study nutrients (Appendix F, Evidence Tables 1a-1c).

Similarity and heterogeneity in study design among trials

The Linxian trial was conducted in a Chinese population that was nutritionally inadequate
whereas SU.VI.MAX was conducted in an apparently healthy French population. The Linxian
trial and the REACT study excluded any vitamin use without specifying how recent the use was.
The MONMD study excluded persons with supplement use during the year prior to enrollment.
In contrast, AREDS provided Centrum” to 66 percent of the study participants, in addition to
study supplements, and SU.VI.MAX allowed use of supplements other than those under study.
The Linxian trial and the SU.VL.MAX study used doses of 1-2 times RDAs. In contrast,
MONMD used vitamins C and B2 at doses that were more than 10 times the RDAs; AREDS
used high doses of vitamin E and zinc (10 times the RDA), and a moderate dose of vitamin C (6
times the RDA); REACT used a high dose of vitamin E. All trials employed a parallel-arm
design except for the Linxian trial that used a fractional factorial design. A total of 47,289
individuals were included in this review section (Appendix F, Evidence Tables 1a-1c; Table 2).

Study quality

Inclusion/exclusion criteria were clearly defined in most trials. Quality of these trials was
good in terms of randomization, double masking, ascertainment of trial endpoints, adherence,
and use of intention-to treat approach in statistical analyses. However, there was a lack of
descriptions as to whether concealment of allocation sequence was done, and whether observers
independently evaluated trial outcomes. There was a paucity of data on prior supplement use,
concomitant supplement use, and medication use that may have had effects on the efficacy of
study supplements. None of the trials reported success of blinding and the extent of unintended
crossover. Only the AREDS and REACT studies provided information on numbers and reasons
for withdrawals and percents of loss-to-follow-up (Table 3).

Cancer

The Linxian trial examined incidence of and mortality for all cancer, esophageal cancer,
stomach cancer (cardia and noncardia), esophageal/gastric cardia, and other cancers.** After 5.25
years of follow up, no significant risk reduction by supplement use was observed for these
endpoints. The only exceptions were the reductions in gastric cancer incidence (relative risk
(RR) 0.84, 95% confidence interval (CI) (0.71-1.00)), cancer mortality (RR 0.87, 95% CI 0.75-
1.00), especially stomach cancer mortality (RR 0.79, 95% CI 0.64-0.99) in the groups receiving
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B-carotene, vitamin E and selenium compared to the groups receiving other vitamin/mineral
combinations,** and a lower non-cardia stomach cancer mortality in those receiving retinol and
zinc (RR 0.59, 95% CI 0.37-0.93).%* Reduction in cancer mortality was greater in women than in
men and among those of age less than 55 years in this trial (RR 0.79, 95% CI 0.64-0.98) vs. RR
0.93, 95% C1 0.77-1.12), and (RR 0.71, 95% CI 0.55-0.92) vs. RR 0.94, 95% CI 0.80-1.11),
respectively).®” In the substudy where participants underwent endoscopy examination, there was
no significant effect of B-carotene, vitamin E and selenium supplement use on worse overall
diagnoses of esophageal and gastric cancer or combined cancer and dysplasia prevalence,
although the odds ratios were in the protective direction ®® (Appendix F, Evidence Tables 1b-1e).

The SU.VI.MAX study reports no benefit on overall cancer incidence by the antioxidant
supplement use in women (RR 1.04, 95% CI 0.85-1.29), but a 31 percent risk reduction (RR
0.69, 95% CI 0.53-0.91) in men.*® As a result, there was a statistically significant interactive
effect of sex and randomized group on total cancer incidence (p=.02). Women were younger than
men in this trial, and generally had a healthier lifestyle as evident by higher serum B-carotene
and vitamin C and fewer smokers. Among men, a moderate reduction in prostate cancer risk was
observed in the antioxidant supplement group (RR 0.88, 95% CI 0.60-1.29). Further stratification
analysis showed differential efficacy by baseline prostate specific antigen (PSA) level with a risk
reduction among men with normal baseline PSA (<3 pg/L) (hazard ratio (HR) 0.52, 95% CI
0.29-0.92), but not among men with elevated PSA (HR 1.54, 95% CI 0.87-2.72)"° (Appendix F,
Evidence Table 1d, Figures 3 and 4).

Cardiovascular disease

The Linxian trial reported a non-significant lower risk of stroke mortality with the greatest
risk reduction (RR 0.91, 95% CI 0.76-1.07) observed in those receiving -carotene, selenium,
and a-tocopherol with or without other study nutrients,’® particularly in those receiving the
combination of B-carotene, selenium, a-tocopherol, retinol and zinc (RR 0.71, 95% CI 0.50-1.00)
as compared to the counterpart. There was no sex difference in the risk reduction. Hemorrhagic
and ischemic stroke was not distinguished but other sources showed that approximately two-
thirds of the strokes were ischemic in this population’® (Appendix F, Evidence Tables 1b-1e).

In the SU.VI.LMAX study, no significant difference in ischemic cardiovascular disease
incidence was noted between randomized groups. There was no interaction between sex and
randomized groups. The cardiovascular events in women were only 22.6 percent of the events in
men® (Appendix F, Evidence Table 1d, Figure 5).

Total mortality

In the Linxian trial, total mortality was lower among those who received B-carotene,
selenium, and vitamin E, but not other nutrient combinations (RR 0.91, 95% CI 0.84-0.99).%° In
the AREDS study, total mortality was 6 percent higher in the group receiving antioxidants
compared to the group receiving no antioxidants, but the increase was not statistically
significant.®*”*”> When limited to those participants with AMD categories 2, 3, and 4, total
mortality was 19 percent and 13 percent lower in the groups receiving zinc alone or zinc
combined with antioxidants respectively.” A sex difference in the relative risk for total mortality
was documented in the SU.VL.MAX study (RR 0.63, 95% CI 0.42-0.93 in men and RR 1.03,

95% CI 0.64-1.63 in women)®’, but no sex or age differences were noted in the Linxian trial®’ In
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the REACT, 9 deaths occurred in the antioxidant group, whereas 3 deaths occurred in the
placebo group. Further examination on the causes of death revealed that the deaths in the
antioxidant group were due to esophagitis, sudden death, aneurysm, pulmonary fibrosis, cancer
and coronary thrombosis (Appendix F, Evidence Table le, Figure 6).

Cataract and age-related macular degeneration

In the Linxian trial, there was no effect of combined vitamin E, selenium and -carotene on
nuclear cataract, cortical cataracts, or posterior subcapsular cataracts® (Appendix F, Evidence
Table 1d).

In the MONMD study, distance acuity declined in the placebo group, but was unchanged in
the multivitamin group (p=.03). The multivitamin group also had better M print acuity and fewer
scotoma in left eyes in the multivitamin group (p=.07), after 12 months. There was no significant
difference between randomized groups in refraction, metamorphopsia and Lens Opacities
Classification System (LOCS) II readings on nuclear color, nuclear opalescence, and posterior
subcapsular opacities. There was an unanticipated cortical cataractogenic effect for right eyes in
the multivitamin group.”' (Appendix F, Evidence Tables 1d).

In the REACT, the primary outcome was the difference between baseline and the last visit in
percentage pixel opaque (IPO) in the anteriorly-focused, retroillumination image. Secondary
outcomes were posterior subcapsular cataract, nuclear cataract, cortical cataract, and nuclear
color. At the end of the second year, there was a small positive effect on percent IPO in both the
United States and United Kingdom groups. After the third year, the positive effects were greater
in the United States group (percent pixel opaque = 0.389 vs. 2.517 in the vitamin vs. placebo
group, p=.0001), but not the United Kingdom group. Unfavorable changes in all secondary
outcomes were smaller in the vitamin group than the placebo group, but none was statistically
significantly different’> (Appendix F, Evidence Table 1d).

In the AREDS study on cataract, outcome measures were cataract surgery, changes in
photographic grade of nuclear, cortical and posterior subcapsular opacities, and visual acuity loss
(=15 letters). After 6 years of follow up, no appreciable difference was found in any of the
outcomes between antioxidant and placebo groups’ (Appendix F, Evidence Table 1d).

In the AREDS study, outcomes were rates of progression to advanced AMD and visual
acuity. After an average follow up period of 6.3 years, the odds ratio (OR) (99% CI) of
developing advanced AMD was 0.75 (0.55-1.03), 0.80 (0.59-1.09), and 0.72 (0.52-0.98) among
individuals with zinc, antioxidants, and combined zinc and antioxidant supplementation as
compared to individuals in the placebo group. Excluding individuals in AMD category 2
(extensive small drusen, nonextensive intermediate size drusen or pigment abnormalities), the
OR (99% CI) of developing advanced AMD was 0.71 (0.52-0.99), 0.76 (0.55-1.05), and 0.66
(0.47-0.91) among individuals with zinc, antioxidants, and combined zinc supplementation and
antioxidant supplementation, and the OR(99% CI) of having moderate visual acuity loss was
0.73 (0.54-0.99) in the group with antioxidants plus zinc, but not statistically significant for other
supplementation groups’> (Appendix F, Evidence Table 1d).
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Summary

There is a paucity of data on the efficacy of multivitamin/mineral supplement use in the
prevention of chronic disease in the general United States population. Limited data from the
Linxian trial suggest 13 percent to 21 percent reductions in gastric cancer incidence, gastric
cancer mortality, and cancer mortality by use of B-carotene, vitamin E and selenium supplements
of doses 1 to 2 times RDAs. Results of total cancer incidence in the SU.VI.MAX trial in France
were sex-dependent with a 3 1percent lower risk in men who received vitamin C, vitamin E, -
carotene, selenium, and zinc at doses near RDAs, but no risk reduction in women who appeared
to have had higher fruit/vegetable intake. The antioxidants used in SU.VI.MAX did not confer
benefit in preventing ischemic cardiovascular disease, whereas use of B-carotene, selenium, a-
tocopherol, retinol, and zinc supplements in the Linxian trial had a moderate reduction (30%) in
stroke mortality. Generalizability of these findings for the United States population is uncertain
in view of the French paradox and the general nutritional inadequacy of the Linxian population.
Multivitamin/mineral supplement use for 3 to 6 years had no significant benefits in preventing
cataract. Zinc (of dose 10 times thhe RDA) alone or in combination with antioxidants had
beneficial effects on AMD only in those with intermediate AMD in one or both eyes, or those
with advanced AMD in one eye. Overall, the quality of individual articles was “medium” (Table
3). Taking into consideration the quantity, quality, and consistency of evidence, we concluded
the strength of evidence on the efficacy of multivitamin/mineral supplementation was rated as
“very low” for primary prevention of cancer and cardiovascular disease, and "low" for cataract
and age-related macular degeneration (Table 4).

Key Question 2

What is Known About the Safety of Use of Multivitamin/mineral Supplements (As Defined In Key
Question 1) in the General Population of Adults and Children, Based Primarily on Data From
Randomized Controlled Trials and Observational Studies?

Issues to consider

Because the most recent revisions of recommended nutrient intakes, the 1997-2004 dietary
reference intakes (DRIs), include for the first time an upper level of intake, this concept has been
used as a benchmark to assess the ‘safety’ of micronutrient intake. However, it is important to
point out that the UL was designed to identify risk, not safety. Risk is a probabilistic, biological,
objective indicator of the potential adverse effect resulting from a defined intake level. The risk
associated with a given intake level is expected to be similar for comparable human populations.
Safety, on the other hand, is a social, cultural and intellectual construct, and reflects the risk that
a given society is willing to tolerate. This threshold varies in different cultures and societies, and
can change over time. The distinction is of relevance for our review since, in the absence of
standardized methods to assess risk associated with nutrient intakes, studies report these adverse
or unexpected events in a variety of ways, in some cases reflecting more a subjective self-
assessment of ‘safety’, and in others a more specific assessment of risk based on objective
indicators, such as laboratory tests.
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Very few studies have been specifically designed to assess the risk associated with different
intake levels of single or multiple micronutrients. Nevertheless, many randomized controlled
trials include a data collection component aimed at monitoring safety, thus providing information
on adverse events in active and control groups. These data typically include a variety of
endpoints, from spontaneous or elicited self-reported symptoms or events, exit surveys in
participants withdrawing from the study, or objective measurements such as blood or urine tests
or clinical examination. It should be noted that most randomized controlled trials reviewed in
this evidence report used one or more nutrients at doses above the UL defined by the current
DRIs. Besides randomized controlled trials, additional insight on risk associated with specific
nutrients can be obtained from other types of studies, including case series and case reports,
usually of very small sample size (often single case reports). Not surprisingly, many case reports
describe the effects of very high intake levels or of unusual host conditions, thus limiting their
generalizability.

The basic conditions that enhance the quality of a study in terms of determining the main
health effects also apply to adverse effects: temporal association, adequate exposure, dose-
response relationship, biological plausibility, and specificity, etc. In the case of safety, reversal of
effects upon withdrawal may also enhance the solidity of the findings.

Review of data on the safety/risk of multivitamin/mineral supplements

We identified 8 articles that reported the adverse effects of multivitamin/mineral
preparations. The 8 articles were published from 4 randomized controlled trials and 3 case
reports.””>"#! We considered the following criteria when assessing adverse effects: (1)
randomized allocation of treatment, (2) adequate sample size, (3) well-defined population, (4)
defined dose and total intake of the nutrient(s) of interest, and (5) adequate duration of exposure.
We used the following criteria for assessing causality: temporal relationship, lack of alternative
causes, dose-response relationship, evidence of increased circulating levels of the nutrient under
investigation, and response to re-challenge.

Doses were usually 2 to 10 times the RDA. For example, typical daily dosage for vitamin E
doses ranged from 200 to 600 IU, vitamin A from 10,000 to 20,000 IU, and vitamin C from 75 to
750 mg. Overall, we found no consistent pattern of increased adverse events in the active group
compared with the placebo group, with the exception of changes in skin color, which was
common in studies in which -carotene was part of the multivitamin preparation (Appendix F,
Evidence Tables 2a-2d).

The REACT study evaluated the effects of an antioxidant vitamin combination (750 mg
vitamin C, 600 mg vitamin E, and 18 mg B-carotene), given daily for 3 years. The frequency of
reported side effects did not differ between intervention and control groups’® (Appendix F,
Evidence Tables 2a-2d).

In the AREDS trial,73 an antioxidant combination (400 IU vitamin E, 500 mg vitamin C, 15
mg P-carotene) and/or 80 mg zinc and 2 mg Cu, was given to healthy adults with early signs of
lens opacity. The only significant effect of the antioxidant supplement was yellowing of the skin
(Appendix F, Evidence Tables 2a-2d). A similar study enrolling patients with incipient macular
degeneration,”” and using a similar antioxidant combination, also found a higher percent of
yellowing of the skin in the active group (8.3% vs. 6.0%, p<0.008).

The MONMD trial assigned 39 patients with macular degeneration to an antioxidant
combination, with follow up of 18 months.” No adverse effects were reported, except for “a few
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cases of diarrhea,” which the authors attributed to the high ascorbic acid content of the
preparation.

In a 2 by 4 factorial feasibility trial in Yunnan Province, China, where the incidence of lung
cancer was extremely high, participants received combinations of retinol 25,000 IU, B-carotene
50 mg, a-tocopherol 800 IU and selenium 400 pg each day, and there were no excessive adverse
effects reported for the active supplement groups. Symptoms such as broken nails and skin
yellowing were generally improved in the groups receiving active supplements.”

In the 3 trials®® ™ % of multivitamin supplements where mortality rates were compared
between active and control groups, no adverse effects of supplementation on the outcomes were
found. In fact, two trials reported lower mortality in the groups receiving multivitamin/mineral
supplements. °° ® Few if any studies met all or even a few of the causality criteria (Appendix F,
Evidence Table le).

Key Question 3

What is the Efficacy Determined in Randomized Controlled Trials of Supplementation with
Single Nutrients or Functionally Related Nutrient Pairs, Each at a Dose Less than the UL
Determined by the Food and Nutrition Board, in the General Adult Population for Prevention
Against the Development of One or More Chronic Diseases or Conditions

Our literature search identified data from randomized controlled trials that assessed the
efficacy of B-carotene, vitamin A combined with -carotene or zinc, vitamin E, folic acid with or
without vitamin B12 or vitamin B6, selenium, and vitamin D with or without calcium in the
primary prevention of cardiovascular disease, cancer, cataract, age-related macular degeneration,
cognitive function, bone mineral density, falls or fractures. Using our search strategies, we did
not identify data on the efficacy of vitamin C, iron, magnesium, vitamin B2, niacin, or
calcium/magnesium supplement use in the primary prevention of chronic disease.

pB-Carotene

Introduction

B-carotene is a major dietary carotenoid and the most abundant carotene found in nature. In
the 1980s, several large clinical trials had been launched to determine the role of B-carotene in
chronic disease prevention. The following section summarizes the evidence.

Results of the literature search

We identified 22 articles from randomized controlled trials that assessed the efficacy of -
carotene in the prevention of cancer, cardiovascular disease, diabetes mellitus, or age-related
maculopathy. The 22 articles were published from 6 trials, the Alpha-tocopherol B-carotene
Cancer Prevention Study (ATBC), the Beta-Carotene and Retinol Efficacy Trial (CARET), the
Nambour Skin Cancer Prevention Trial (NSCP), the Skin Cancer Prevention Study (SCP), the
Physician’s Health Study (PHS), and the Women’s Health Study (WHS).**7

Design of randomized controlled trials

The ATBC was a 2 by 2 factorial trial of synthetic all-rac-a-tocopherol acetate (50% powder,
50 mg per day) and synthetic B-carotene (10% water-soluble beadlets, 20 mg per day)
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supplementation in 29,133 Finnish smokers aged 50 to 69 years.*® Users of vitamin E, vitamin A,
and/or B-carotene in excess of predefined doses were excluded. The follow up period was 1985
to 1993. Post-intervention follow up of cancer incidence and cause-specific mortality was
performed from 1993 to 1999 for cancer incidence and cause-specific mortality and up to 2001
for total mortality.*” Gastrointestinal endoscopy was performed on 1,344 men with gastritis after
a median supplementation time of 5.1 years”° (Appendix F, Evidence Tables 3a-3c).

The CARET study consisted of two pilot studies conducted in 1985 to 1988 followed by a
large trial conducted from 1988 to 1991 in the United States. The first pilot study, the Asbestos
Workers Pilot Study for CARET, involved 816 men with a history of asbestos exposure. °' The
second pilot study, the Smokers Pilot Study, involved 1029 men and women with a history of
cigarette smoking.”” The full CARET study was conducted in 18,314 high-risk men and women
who had a history of asbestos exposure or smoking. Participants were randomly assigned to
receive either B-carotene 50 mg and retinyl palmitate 25,000 IU per day or placebo. Prior -
carotene supplement users were excluded.”” The follow up period was 1985 to 1995. Post-trial
follow up of cancer incidence and mortality was performed until the end of 2001°* (Appendix F,
Evidence Tables 3a-3c).

The NSCP trial was a 2 by 2-factorial trial of B-carotene 30 mg per day and daily sunscreen
among 1,621 adult Australians of age 20 to 69 years.* No exclusion or prior supplement use was
reported. The follow up period was 1992 to 1996 (Appendix F, Evidence Tables 3a-3c).

The SCP was a trial with a parallel-arm design conducted in 1,729 adults of age 85 years or
less who had at least one biopsy-proven basal cell or squamous cell skin cancer at baseline.
Participants were randomized to receive placebo or B-carotene (50 mg per day) during the tria
No exclusion or prior supplement use was reported. The follow up period was 1983 to 1993
(Appendix F, Evidence Tables 3a-3c).

The PHS was a 2 by 2 factorial trial of B-carotene (50 mg every other day) and aspirin
conducted among 22,071 apparently healthy male physicians, aged 40-84 years, in the United
States. Vitamin A supplement users were ineligible for trial enrollment. The follow-up period
was 1982 to 1995 *° (Appendix F, Evidence Tables 3a-3c).

The WHS was a 2 by 2 by 2 factorial trial conducted in 39,876 female health professionals in
the United States aged 45 years or older to determine whether alternate daily use of aspirin (100
mg), B-carotene (50 mg), and vitamin E (600 IU) can prevent cancer and cardiovascular
disease.”” B-carotene supplementation was terminated after a median treatment duration of 2.1
years (range 0 to 2.7 years), primarily because of the null findings from the PHS.” Users of
vitamin A, B-carotene, or vitamin E were ineligible for trial enrollment. Nearly 40 percent of the
trial participants reported to have multivitamin supplement use at baseline. The follow up period
of this trial was 1992 to 2004 (Appendix F, Evidence Tables 3a-3c).

1'85

Similarity and heterogeneity in study design among trials

Except for the ATBC and NSCP that were conducted in Finland and Australia, respectively,
the 4 other trials included in this review were conducted in the United States. Except for the SCP
and NSCP, prior users of B-carotene and/or vitamin A supplements were excluded. The range of
follow up was 4 to 10 years. The range of daily doses was 20 mg to 50 mg. The ATBC, PHS,
WHS, and NSCP used a factorial design with a-tocopherol, aspirin, aspirin with/without vitamin
E, and sunscreen, respectively, as the other intervention, whereas SCP and CARET adopted a
parallel-arm study design. A total of 112,564 individuals were included in this review section.
They were heterogeneous populations that ranged from high-risk people with a history of
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asbestos exposure and cigarette smoking (ATBC, CARET) to male physicians (PHS), female
health professionals (WHS), and adults in a high sun exposure area in Australia (Appendix F,
Evidence Tables 3a-3c).

Study quality

The general strengths of the randomized clinical trials were large sample size, double
masking and randomization, high adherence to treatment, and ascertainment of clinical
outcomes. Adherence was not reported in the CARET study, although B-carotene treatment was
shown to raise the median serum B-carotene levels to 12 times the baseline levels.” The success
of blinding the study was not reported in the NCSP,** WHS,”® and SCP.* The study population
was incompletely described in the SCP.* Most of these studies did not report on participants’
prior use of supplements (Table 3).

Results

Cancer. In the ATBC study, compared to those who did not receive -carotene, participants
receiving B-carotene had a higher lung cancer incidence and lung cancer mortality (RR 1.18,
95% CI11.03-1.36; RR 1.08, 95% CI 1.01-1.16, respec‘[ively),97’98 but no increased risk for gastric
cancer,90 pancreatic cancer,99 colorectal adenomas,mo prostate cancer 101 o1 colorectal cancer '
In the 6-year post-trial follow up, the relative risk of lung cancer was 1.06 (95% CI 0.94-1.20)
for B-carotene recipients versus non-recipients. The supplementation had a late effect on
colorectal cancer (RR 1.88; 95% CI 1.28-2.76) 4 years after the end of supplementation, but no
late effect on other cancer outcomes.'” (Appendix F, Evidence Tables 3b-3e, Table 5).

In the PHS, B-carotene supplementation increased the risk of thyroid cancer (RR 9.5, 95%
CI 2.2-40.7), and bladder cancer (RR 1.5, 95% CI 1.0-2.2), but had no effect on other malignant
neoplasms’>'* or non-melanoma skin cancer® (Appendix F, Evidence Table 3d, Table 5).

In the CARET study, the combination of B-carotene and vitamin A supplementation
increased the incidence of lung cancer (RR 1.28, 95% CI 1.04-1.57)°*'% and the effects persisted
6 years after the trial terminated, especially among women.”* B-carotene supplementation had no
effects on cancers such as leukemia, mesothelioma, bladder cancer, breast cancer, prostate
cancer, colorectal cancer, head and neck cancer, or lymphoma'®” (Appendix F, Evidence Table
3d, Table 5).

In the SCP, p-carotene supplementation had no effect on cancer deaths® (Appendix F,
Evidence Table 3d, Table 5).

In the WHS, B-carotene supplementation had no impact on the incidence of cancer’
(Appendix F, Evidence Table 3d, Table 5).

In the NSCP trial, B-carotene supplementation had no impact upon the incidence of basal cell
carcinoma or squamous cell carcinoma after 4 years of follow up** (Appendix F, Evidence Table
3d, Table 5).

Cardiovascular disease. The ATBC study participants who received p-carotene had a non-
significant higher incidence of angina and stroke mortality during the trial,'°*'"” and had higher
mortality for a wide spectrum of cardiovascular disease during the post-trial follow up'”
(Appendix F, Evidence Table 3d, Table 5).

Participants receiving -carotene and vitamin A in CARET had a non-significant increased
risk of cardiovascular death after a mean follow up of 4 years (RR 1.26, 95% CI 0.99-1 61),” but
the risk was lower (RR 1.02) 6 years after supplementation was terminated.”

Participants in the WHS study had a non-significant higher risk for stroke (RR 1.42, 95% CI
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0.96-2.10), but lower risk for myocardial infarction (RR 0.84, 95% CI 0.56-1.27)"® (Appendix F,
Evidence Table 3d, Table 5).

In the PHS, B-carotene supplementation had no effects on incidence of type 2 diabetes
mellitus,'® incidence of myocardial infarction, stroke and all important cardiovascular events, or
cardiovascular mortality” (Appendix F, Evidence Table 3d, Table 5).

Cataract and age-related macular degeneration. In the ATBC trial, B-carotene
supplementation had no effect on age-related cataract or age-related maculopathy'*''?
(Appendix F, Evidence Table 3d, Table 5).

Total mortality. B-carotene supplementation was associated with an 8 percent, 7 percent, and
5 percent increased risk of total mortality in the ATBC, WHS and SCP studies,
respectively.®**" Only the increase in the ATBC trial reached statistical significance (p=0.02).
In the post-trial follow up on total mortality (8 years of follow up) of the ATBC trial, the relative
risk of total mortality in the groups receiving B-carotene compared to the corresponding placebo
groups was 1.07 (95% CI 1.02-1.12)'"* (Appendix F, Evidence Table 3e, Table 5).

Summary

In summary, B-carotene was associated with increased risk of lung cancer incidence and
mortality in persons who were heavy smokers or who were regularly exposed to asbestos. [3-
carotene supplementation did not reduce risk of other chronic disease outcomes, including
cardiovascular disease, diabetes mellitus, cataract, and maculopathy. Taking into consideration
the quantity, quality, and consistency of evidence, we concluded that the overall strength of
evidence regarding the effects of B-carotene on the incidence of cancer and cardiovascular
disease was “moderate” and on the prevalence of cataract or age-related maculopathy was “very
low” (Table 6).

Vitamin A

Introduction
The following section summarizes the evidence from randomized controlled trials on the
efficacy of vitamin A supplement use in the prevention of chronic disease.

Results of the literature search

Our literature search identified no data on the efficacy of vitamin A alone in the prevention
of chronic disease. We identified 9 eligible articles that addressed the efficacy of pre-formed
vitamin A, combined with zinc or B-carotene, in preventing chronic disease. Three articles were
from the Linxian trial in China®® in which retinyl palmitate and zinc was combined as one type
of supplementation, and 5 articles were from the CARET in the United States’ "' in which

retinyl palmitate and B-carotene were combined as one type of supplementation.

Design of randomized controlled trials

The designs of the Linxian and CARET trials were described in a previous section of the
Results chapter, Design of Randomized Controlled Trials, for Key Question 1 and Design of
Randomized Controlled Trials for Key Question 3, -carotene, respectively (Appendix F,
Evidence Tables 3a-3c).
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Results

In the Linxian trial, combined vitamin A and zinc had no impact on reducing deaths from
stroke,® mortality,* or esophageal or gastric dysplasia or cancer.'"!

CARET used a combination of B-carotene and retinyl palmitate which increased the
incidence of lung cancer (RR 1.28, 95% CI 1.04-1.57), mortality related to lung cancer (RR 1.46,
95% CI 1.07-2.00) and cardiovascular disease (RR 1.26, 95% CI 0.99-1.61).”> The risk for
cardiovascular disease was lower (RR 1.02) 6 years after supplementation was terminated.”
Total mortality was higher in the group receiving retinyl palmitate and B-carotene at the end of
the trial (RR 1.17, 95% CI 1.03-1.33) 7, but leveled off in a post-trial follow up for 6 years (RR
1.08, 95% CI 0.99-1.17)** (Appendix F, Evidence Tables 3d-3e).

Summary

Available evidence from two studies in selected populations (nutritionally inadequate or
exposure to asbestos and/or cigarette smoke) suggests no benefit of combinations of vitamin A
and zinc or vitamin A and B-carotene for cancer or cardiovascular disease prevention. Because
no trial has been conducted to assess the efficacy of vitamin A alone in the prevention of the
chronic diseases listed in the Key Question 1, we drew no conclusion for vitamin A by itself.

Vitamin E

Introduction

Vitamin E is the second most commonly used dietary supplement in the United States.' The
following section reviews the evidence on the efficacy of vitamin E supplementation in the
prevention of chronic disease.

Results of literature search

Our literature search identified 16 articles (including articles containing post-trial data) that
provided evidence on the efficacy of vitamin E supplements in the prevention of chronic disease.
These articles were generated from 4 randomized controlled trials, the ATBC trial, the WHS, the
Primary Prevention Project (PPP), and the Vitamin E, Cataract, and Age-Related Maculopathy
Trial (VECAT). The predominant source of evidence (from 12 articles, including articles
containing post-trial data) on this topic stems from the ATBC trial.

Design of randomized controlled trials

The designs of the ATBC trial and the WHS were described in a previous section of the
Results chapter, Design of Randomized Controlled Trials, on -carotene (Appendix F, Evidence
Tables 3f-3h).

The PPP was a randomized controlled, open-labeled, 2 by 2 factorial trial designed to
investigate the efficacy of vitamin E (synthetic, 300 IU per day) and aspirin (100 mg per day) for
cardiovascular disease prevention.''? Participants were 4,495 men and women age 50 years or
older with at least one of the major well-accepted risk factors for cardiovascular disease. Long-
term vitamin E users were ineligible. At the end of the trial, the percent of participants lost to
follow up was 13.6 percent in the vitamin E group. (Appendix F, Evidence Tables 3f-3h).

The VECAT was designed to evaluate whether daily vitamin E supplements reduced the risk
of age-related cataracts in 1,193 Australians who were 55 to 80 years old upon entry into the
study and who had early or no cataract. Trial participants were randomized to receive 500 IU per
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day of natural vitamin E or placebo for 4 years. Approximately 27 percent of the trial
participants had prior supplement use. The percent of participants lost to follow up was 25
percent, and among those who were retained in the trial, 12 percent ceased taking study
supplements' " (Appendix F, Evidence Tables 3f-3h).

Similarity and heterogeneity among trials

The participants in these trials had distinct characteristics, being female health professionals
in the United States (WHS), male smokers in Finland (ATBC), or Italians who might have
followed a Mediterranean diet (PPP). A total of 74,697 individuals were included in these trials
with 87 percent being ATBC or WHS participants. Accordingly, approximately 27 percent of
these trial participants were assigned to also take aspirin and 20 percent were assigned to also
take B-carotene supplements. Vitamin E supplements used in these studies included synthetic
form, natural source, and natural vitamin E at doses ranging from 50 IU per day in synthetic
form to 600 IU per day of natural source (Appendix F, Evidence Tables 3f-3h).

Study quality

Inclusion/exclusion criteria were clearly defined in most trials. The quality of these trials was
good with respect to randomization, double masking, ascertainment of trial endpoints, adherence,
and use of an intention-to treat approach in statistical analyses (see Table 3, Assessment of
Quality of Studies). There was a lack of descriptions as to whether concealment of allocation
sequence was performed and whether there was an unintended crossover. The WHS and PPP
trials collected data on lifestyle factors and medication use. None of the trials reported success of
blinding and the extent of unintended crossover. Most trials provided no information on numbers
and reasons for withdrawals and percent lost to follow up.

Results.

Cancer. In the ATBC trial, synthetic a-tocopherol of 50 IU per day had no benefit on the
incidence of lung cancer and gastric neoplasm,””® lung cancer mortality, or pancreatic cancer
m01"‘[ality,97’99 but increased colorectal adenoma incidence (RR 1.66, 95% CI 1.19-2.32)'%°.
Questions have been raised whether the finding on colorectal adenoma was due to increased
rectal bleeding by a-tocopherol supplementation, leading to the increased diagnosis of polyps. In
contrast to these findings, men who received a-tocopherol supplements had a non-significant
protective effect on colorectal cancer development (RR 0.78, 95% CI 0.55-1.09)'** and had a 32
percent and 41 percent reduction in the incidence of, and the mortality from prostate cancer
respectively.'®! The reduction was evident for clinical prostate cancer but not for latent cancer. In
the post-trial follow up, the protective effect of a-tocopherol against prostate cancer was
attenuated (RR 0.88, 95% CI 0.76-1.03). The moderate protective effects of a-tocopherol on
colorectal cancer during the trial was no longer evident in the 6-year post-trial follow up, and a-
tocopherol had no late effects on other cancers.'”

In the WHS study, vitamin E of 600 IU on alternate days did not affect the risk of developing
total invasive cancer, breast cancer, lung cancer, and colon cancer, or the risk of cancer death®’
(Appendix F, Evidence Table 31, Table 7).

Cardiovascular disease. In the ATBC trial, all-rac-a-tocopheryl acetate of 50 IU per day had
a borderline effect in reducing the incidence of angina (RR 0.91 comparing alpha-tocopherol
with or without beta-carotene to no alpha-tocopherol with or without beta-carotene; RR 0.97
comparing alpha-tocopherol alone to placebo), decreased the risk of cerebral infarction (RR 0.86,
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95% CI10.75-0.99), and increased the risk of subarachnoid hemorrhage (RR 1.50, 95% CI 0.97-
2.32) and fatal subarachnoid hemorrhage (RR 1.81, 95% CI 0.49-1.32).'% A similar increased
risk in hemorrhagic stroke persisted during the post-trial follow up.'®

In the PPP, ' the evidence was inconclusive due to small numbers of events and premature
stopping of the trial; there was a non-significant increased risk for main cardiovascular endpoints
(cardiovascular death, non-fatal myocardial infarction and non-fatal stroke) (RR 1.07, 95% CI
0.74-1.56), but a lower risk for total cardiovascular events or diseases (RR 0.94, 95% CI 0.77-
1.16)'"? (Appendix F, Evidence Table 3i, Table 7).

In the WHS, use of vitamin E, 600 IU every other day had no effects on fatal and non-fatal
myocardial infarction and fatal and non-fatal stroke, but reduced total cardiovascular death (RR
0.76, 95% CI 0.59-0.98).*”"° There was no effect of vitamin E supplementation on hemorrhagic
stroke (RR 0.92, 95% CI 0.61-1.38)*" (Appendix F, Evidence Table 3i, Table 7).

Serum lipid levels. Shekelle etal. conducted a systematic review of the effects of vitamin E
on the prevention and treatment of cardiovascular disease.''* The review, published in April
2004, was part of a larger evidence report on the effects of vitamin C, vitamin E, and coenzyme
Q10 on cardiovascular outcomes.''> The review included an examination of the effects of
vitamin E on lipid levels. The search strategy was comprehensive and retrieved English and non-
English studies from multiple electronic databases. Additional studies were obtained by hand-
searching reference lists from key articles and by consulting experts in the field. Multiple
synonyms for vitamin E and for clinical trials were used in the initial search, but only
randomized trials in humans using clinical or important surrogate outcomes were included in the
report. Two independent evaluators using a standardized form extracted study data, and quality
was assessed using the Jadad scale. Both primary and secondary prevention trials were
evaluated. Meta-analyses were performed whenever groups of studies were judged to be
sufficiently similar (Appendix F, Evidence Table 3i, Table 7).

The Shekelle review included 84 eligible trials of the effect of vitamin E on cardiovascular
outcomes. However, only four of the trials were primary prevention studies, and these were
deemed to be too heterogeneous (with respect to the type of intervention) to permit meta-analysis
to be performed. The individual results of these 4 studies (ATBC,116 PPP,117 SCP,118 and
Linxian''’) were presented by the authors in narrative form. With respect to lipid lowering, the
authors stated that “the 2 large primary prevention trials (ATBC and Linxian) reported clinically
insignificant (but statistically significant) changes in (lipid) outcomes,” and that “there is no
evidence that vitamin E alone or in combination has a clinically or statistically significant
favorable or unfavorable effect on lipids.” In their meta-analyses of all primary and secondary
prevention trials on the lipid effects of vitamin E compared to placebo, they found effect sizes
that were not significant for total cholesterol (effect size -0.07, 95% CI-0.31 to 0.08), low-
density cholesterol (effect size -0.07, 95% CI -0.24 to 0.10), or high-density lipoprotein (effect
size 0.01, 95% CI-0.21 to 0.22).''® A negative effect size would indicate a favorable effect of
treatment (Appendix F, Evidence Table 3i, Table 7).

Cataract and age-related macular degeneration. The evidence concerning vitamin E
supplements and cataract is compatible with no effect. In the VECAT trial,'”® the relative risk of
cataract in the vitamin E group versus the placebo group was 1.0 for any cataract (95% CI 0.8-
1.4). The relative risk for specific types of cataract were 0.9 for cortical cataract (95% CI 0.5-
1.6), 1.1 for nuclear cataract (95% CI 0.8-1.5), and 0.5 for posterior subcapsular cataract (95%
C10.2-1.1)'" (Appendix F, Evidence Table 3i, Table 7).
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In the ATBC trial, lens opacity was measured at the end of the trial in a random sample of
1,828 participants.'” The results showed that participants randomized to the a-tocopherol group
were not different from the non-a-tocopherol group with respect to the risk of having nuclear
cataract (OR 0.8, 95% CI 0.4-1.4), cortical cataract (OR 0.9, 95% CI 0.6-1.4), or posterior
subcapsular cataract (OR 0.9, 95% CI 0.4-1.8)'”(Appendix F, Evidence Table 3i, Table 7).

The same approach was used in the ATBC trial to assess the association between o-
tocopherol and the end-of-trial prevalence of age-related maculopathy.''® The prevalence of age-
related maculopathy was higher among those assigned to receive a-tocopherol supplements than
in the placebo group (32% versus 25%), showing no evidence of a beneficial affect of a-
tocopherol''°(Appendix F, Evidence Table 3i, Table 7).

Total mortality. The relative risk for total mortality in the vitamin E supplement users
compared to non-users was 1.04 (95% CI 0.93-1.16), 1.02 (95% CI 0.95-1.09), and 1.07 (95%
0.61-1.90) in the WHS, the ATBC, and the PPP, respectively. In the post-intervention follow up
on mortality (8 years of follow up) of the ATBC trial, the relative risk of total mortality in a-
tocopherol users compared to non-users was 1.01 (95% CI 0.96-1.05).'” Investigators in the
WHS reported that “the main causes of death, apart from cardiovascular and cancer deaths, were
pulmonary diseases (32 vitamin E, 22 placebo) and violent deaths, excluding suicide (9 vs. 6).
None of these causes of deaths was significantly related to vitamin E.” ¥’ The relative risk of
cardiovascular death and cancer death in the WHS was 0.76 (95% CI 0.59-9.98) and 1.12 (95%
CI 0.95-1.32), respectively.!” The VECAT documented 31 deaths (20 in vitamin E; 11 in
placebo), and the authors reported “no consistent or unusual patterns were identified among the
specific causes of death recorded”'"® (Appendix F, Evidence Table 3j, Table 7).

Summary

Vitamin E supplements have been studied for efficacy in the primary prevention of cancer,
cardiovascular disease, cataract, and age-related macular degeneration. There was a lack of
effects of vitamin E supplement use in the prevention of these diseases, except for a 32 percent
reduction in prostate cancer incidence, a 41 percent reduction in the prostate cancer mortality,
and a 22 percent reduction in colorectal cancer in the ATBC trial. The findings on hemorrhagic
stroke were conflicting between the ATBC trial and WHS trial in that the former found a higher
risk with use of low-dose a-tocopherol supplements but the latter found a lower risk with use of a
high dose. Taking into consideration the quantity, quality, and consistency of evidence on the
efficacy of vitamin E in preventing chronic disease, we concluded that the overall strength of
evidence is "very low" for cancer, "low" for the relationship to cardiovascular disease,
and "moderate" for cataract (Table 6).

Folic acid and B vitamins

Introduction

The co-prevalence of dementia and low circulating levels of micronutrients among the
elderly has led to the research interest in vitamin supplementation as a means to prevent
dementia. In various observational studies, low circulating levels of folate and vitamin B6 have
been associated with poor cognitive function, dementia, and Alzheimer’s disease'**'** and
hyperhomocysteinemia.'*>*'*° The essential role of folate and the B vitamins in homocysteine
metabolism has been used to explain the possible role of these vitamins in dementia.
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Results of literature search

Our search revealed two systematic reviews on single or paired vitamin supplementation with
B vitamin(s) or folic acid for primary or secondary prevention of dementia and cognitive decline,
and 4 articles from 1 trial that addressed vitamin B2 and niacin in the prevention of chronic
disease. The systematic reviews were from the Cochrane Collaboration. The review on folic acid
with or without vitamin B12 was comprised of 4 randomized controlled trials. The review of
vitamin B6 was comprised of 2 randomized controlled trials. The trial on vitamin B2 and niacin
was the Linxian trial. No studies were found to assess the efficacy of single or paired B vitamins
or folic acid supplementation for prevention of other chronic diseases.

Design of Systematic Reviews

Malouf et al. systematically reviewed the literature to “assess the efficacy of vitamin B6
supplementation in reducing the risk of developing cognitive impairment by older healthy
people, or improving cognitive functioning of people with cognitive decline and dementia,
and to “examine the effects of folic acid supplementation, with or without vitamin B12, on
elderly healthy and demented people in preventing cognitive impairment or retarding its
progress.”128 The search strategy, data collection and analysis methods were similar in both
reviews. Trials were identified from a broad database by a predefined search strategy by the
Dementia and Cognitive Improvement Group. Outcomes were measured as changes in
continuous rating scales from baseline where available. When the same rating scales were used
across trials, the weighted mean difference was presented for pooled trials. A standardized mean
difference was reported for different rating scales. Weighted estimates for odds ratio were used
for binary outcomes. When duration varied greatly and the range was considered too great to
combine, a separate meta-analysis was conducted for smaller time periods. If there was evidence
of heterogeneity of treatment effect between trials, either only homogeneous results were pooled
or a random effect model was used. There was no pooled outcome measure presented due to
heterogeneity of study participants and supplements.

99127

Study quality

Design and quality of the meta-analyses on folic acid and vitamin B6 were similar. Strengths
of these systematic reviews include: clarity of review question, description and completeness of
search strategy, and reproducibility of review. Limitations were due primarily to heterogeneity
among studies reviewed. The authors presented standardized outcomes of cognition when
possible. No attempt was made to summarize outcome measures because of the great variation in
trials included.

The review on vitamin B6 supplementation '*’ reviewed 2 randomized controlled trials for
primary prevention. '**'?’ The authors attempted to minimize heterogeneity of study subjects by
extracting data on older subjects. Follow up time varied from 5 to 12 weeks. Dosages of B6
supplementation varied from 20 to 75 mg per day. Among the different trials, there were wide
disparities in dosages of folic acid (750 mcg to 15 mg) and vitamin B6 (20 to 75 mg).

The review on folic acid'*® reviewed 4 randomized controlled trials for primary and
secondary prevention.'** *!"'% The authors attempted to minimize heterogeneity of study
subjects by extracting data on older subjects at the expense of decreasing sample size. Despite
this, there was considerable heterogeneity in study population. One study for primary prevention
involved only women.'?® The remaining 3 studies'*'"** were secondary prevention trials. Dosage
of folic acid varied widely from 750 mcg to 15 mg per day. Two studies combined vitamin B12
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with the folic acid supplementation and these results were combined together with those
receiving folic acid alone.

Results.

Cognitive decline. Although the meta-analysis by Malouf found improvement in biochemical
indicators of vitamin B6, no measurable improvement in cognition was found after short-term
supplementation with vitamin B6. Although folic acid with vitamin B12 was effective in
reducing serum homocysteine levels, the authors concluded that these limited studies did not
support folic acid supplementation for prevention of cognitive decline.

Summary

There is limited evidence to suggest no benefit of vitamin B6, vitamin B12, or folic acid
supplementation for primary prevention of cognitive decline. Taking into consideration the
quantity, quality, and consistency of evidence on the efficacy of folic acid, vitamin B6 and
vitamin B12 in preventing chronic disease, we concluded that the overall strength of evidence is
“low” for folic acid with or without vitamin B12 and “moderate” for vitamin B6 (Table 6).

Vitamin B2 and niacin

Introduction
The following section summarizes the evidence on the efficacy of vitamin B2 and niacin
supplement use in the prevention of chronic disease.

Results of the literature search

Our literature search identified 4 eligible articles from the Linxian General Population Trial
that addressed the efficacy of vitamin B2 (3mg per day) and niacin (vitamin B3, 40 mg per day)
in preventing cancer, cardiovascular disease or cataract. “*°* " Data on other chronic diseases
were lacking.

Design of randomized controlled trial
The design of the Linxian trial was described in a previous section of the Results chapter,
Design of Randomized Controlled Trials, for Key Question 1 (Appendix F, Evidence Tables 3k-
30).

Results.

Cancer, cardiovascular disease and total mortality. In the Linxian trial, combined vitamin
B2 and niacin had no impact on reducing deaths from stroke,’® mortality,** or esophageal or
gastric dysplasia or cancer.''' (Appendix F, Evidence Tables 3k-30)

Cataract. A lower prevalence of nuclear cataracts was observed in those who received
riboflavin and niacin, and there was no difference between randomized groups in cortical
cataracts.®” However, a 2.64-fold increased prevalence in posterior subcapsular cataract was
documented for the groups receiving riboflavin 3 mg and niacin 40 mg compared to the groups
not receiving riboflavin and niacin® (Appendix F, Evidence Tables 3k-30).
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Summary

Data on the efficacy of vitamin B2 and niacin supplement use in the primary prevention of
chronic disease are sparse and the only study was conducted in a nutritionally deprived Chinese
population found no benefit of combined vitamin B2 and niacin for primary prevention of
cancer, cardiovascular mortality, or cataracts.

Selenium

Introduction

Selenium functions as an antioxidant since it is essential to the antioxidant enzyme
glutathione peroxidase.'*” Because selenium is involved in the biosynthesis of testosterone,
another proposed mechanism involves its role in the endocrine and immune system. **"!
Selenium has also been theorized to function on the molecular level by changing carcinogen
metabolism, inhibiting protein synthesis or specific enzymes, and stimulating apoptosis.'*> The
following section summarizes the evidence on the efficacy of selenium supplement use in
chronic disease prevention.

Results of literature search

Our literature search identified 6 articles that provided evidence on the efficacy of selenium
supplements in the prevention of cancer, cardiovascular disease. These publications were
generated from 2 different trials, the Nutritional Prevention of Cancer (NPC) trial and another
study. We included the NPC trial of patients with a history of non-melanoma skin cancer because
the study reported on the risk of cancer other than non-melanoma skin cancer, and non-
melanoma skin cancer is not a precursor of other cancers.

Design of randomized controlled trials

The NPC trial was a double-blind, placebo-controlled multi-center cancer prevention trial in
1,312 men and women to test the efficacy of selenium supplementation (200 mcg supplied as
500 mg high-selenium yeast tablets) in reducing chronic disease, specifically cancer.'”*"** Trial
participants had a history of either 2 or more basal cell carcinomas (BCC) or one squamous cell
carcinoma (SCC) of the skin within the prior year. Prior supplement users were eligible for
enrollment. The primary outcome of interest was occurrence of a new non-melanotic skin cancer.
Secondary endpoints included incidence of lung, colorectal, and prostate cancers, total mortality
and cancer mortality. The total blinded treatment period was from September 1983 until January
1996. Interim analysis was published in 1996 on data from the full cohort of 1312 participants
through December. 1993'%*'3* Analyses at the end of the full, blinded treatment period in 1996
were published on total cancer outcomes, '* prostate cancer, > and lung cancer.'* Later
analyses excluded 62 patients who had baseline blood tests more than 4 days after
randomization."*>"*” Interim analysis for prostate cancer was performed on 974 male
participants, accounting for a 2-year lag effect.'** Re-analysis of prostate cancer data at the end
of full, blinded treatment was done on 927 participants without a history of prostate cancer
before randomization, using those individuals with a valid baseline blood draw less than 4 days
after randomization. *’ By the end of the blinded study in 1996, 35.9 percent of participants
were on supplementation, 16.6 percent were off supplementation, but continuing follow up, 22.1
percent were censored for dermatological endpoints but not other endpoints, and 24.8 percent
had died. We did not include one study with melanotic skin cancer recurrences in the NPC trial
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because it addressed secondary prevention. Full text of the articles on cardiovascular disease and
colorectal cancer were published after the cutoff date of our review'*® Another study by Yu et al.
was conducted in Qidong County, China and published in 1991."* (Appendix F, Evidence
Tables 3k-30).

Similarity and heterogeneity among trials

Participants in the NPC trial were recruited from dermatology clinics and had non-melanotic
skin cancer without recent treatment for internal malignancy. Participants in the study by Yu etal.
were selected to be at high risk for liver cancer because of a family history of cancer in addition
to living in an area of China that has high rates of liver cancer. Both studies used 200 mcg per
day of selenium as a yeast tablet.

Study quality

In the NPC Study, the study population, inclusion and exclusion criteria, flow of patients,
outcome reporting and statistical analyses were well described. Well designed aspects of the
study included: random assignment of patients, placebo control, confirmation of outcomes,
efforts at blinding, assessment of adherence, appropriate handling of losses to follow up,
reporting of statistical analyses, and intention-to-treat analysis. However, there was inadequate
information reported regarding excluded patients, prior supplement use, prior and concurrent
medication use, success of blinding, independent ascertainment of outcomes, unintended cross-
over rates, description of supplements, and statistical power."> The study was initially designed
to look at incidence of non-melanoma skin cancer, and other cancer endpoints were designated
secondary outcomes 7 years after commencement of the trial.

The study by Yu et al. had inadequate data reporting on almost all aspects of the study with
the exception of a fair description of supplements and assessment of adherence to supplements
by biomarkers (Table 3).

Results.

Cancer. Initial interim analysis of the NPC trial through 1993 found that the selenium group
had a significantly lower total cancer mortality (RR 0.5, 95% CI 0.31-0.8), total cancer incidence
(RR 0.63, 95% CI 0.47-0.85), and significantly lower incidence of lung, colorectal, and prostate
cancers (RR 0.56, 95% CI 0.31-1.01; RR 0.39, 95% CI 0.17-0.90; RR 0.35, 95% CI 0.18-0.65,
respectively)."” Cancer endpoints from the full trial period through 1996 were analyzed and had
a mean follow up of 7.9 years. Selenium continued to reduce the risk of all cancers (HR 0.75,
95% CI1 0.58-0.97) and prostate cancer (HR 0.51, 95% CI 0.29-0.87), lung cancer (HR 0.70, 95%
CI 0.40-1.21) and colorectal cancer (HR 0.46, 95% CI 0.21-1.02), although the findings on lung
cancer and colorectal cancer were not statistically significant.'*>'?’

An interim reanalysis of 843 male patients with prostate specific antigen levels less than 4
ng/ml, taking into account a 2-year treatment lag, found that the selenium group had a significant
reduction in prostate cancer (RR 0.37, p-value 0.002)."** Subgroup analyses showed that the
effect of selenium on prostate cancer was greatest in those with a baseline prostate specific
antigen level less than 4 ng/ml (RR 0.35, 95% CI 0.13-0.87)"*” (Appendix F, Evidence Tables
3k-30).

In the 2-year intervention trial with selenized yeast by Yu et al., the incidence of primary
liver cancer was significantly less (p<<0.05) in selenium supplemented subjects (10 of 1444;
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0.69%) compared to control subjects (13 of 1030; 1.26%)"*° (Appendix F, Evidence Tables 3k-
30) (Appendix F, Evidence Tables 3k-30).

Cardiovascular disease. Only the NPC study reported cardiovascular outcomes in the context
of selenium supplementation, and there was no effect on cardiovascular disease (HR 1.03, 95%
CI10.78-1.37), stroke (HR 1.02, 95% CI 0.63-1.65), or cardiovascular mortality (HR 1.22, 95%
CI 0.76-1.95) for primary prevention in those without prior cardiovascular disease.'** '*
(Appendix F, Evidence Tables 3k-30).

Total mortality. Total mortality in the NPC study was reduced by 21 percent in the group
receiving selenium (HR 0.79, 95% CI 0.61-1.02) as compared to placebo'** (Appendix F,
Evidence Tables 30).

Summary

Evidence on the role of selenium in cancer prevention is limited, but suggests some benefit in
prevention of total and prostate cancer, with the greatest benefit in men with a normal baseline
prostate specific antigen level. Selenium did not significantly reduce the risk of lung or
colorectal cancer. The only well-designed randomized controlled study supporting selenium
supplementation for cancer prevention was done in a population with non-melanotic skin cancer.
Taking into consideration the quantity, quality, and consistency of evidence on the
efficacy of selenium in preventing chronic disease, we concluded that the overall strength of
evidence is "moderate" (Table 6).

Calcium and vitamin D

Introduction

Supplementation with calcium, vitamin D, or both has been recommended for primary
prevention of osteoporosis. Physiologically, calcium supplementation corrects for suboptimal
intake or decreased intestinal absorption of calcium. Left uncorrected, secondary
hyperparathyroidism develops, leading to accelerated bone resorption and ultimately to increased
risk for fractures. Supplemental vitamin D optimizes intestinal calcium absorption, and it also
improves neuromuscular function and reduces the recurrences of fractures. '

Improvement in bone mineral density (BMD) is a marker for stronger bones and is
predictive of fracture reduction.””® However, fracture is the major clinical outcome of
osteoporosis.

Due to the substantial amount of efficacy data on calcium/vitamin D and osteoporosis, we
reviewed systematic review articles supplemented with data from recent randomized controlled
trials. We also used data from randomized controlled trials meeting our inclusion criteria, that
were not included in previous systematic reviews.

Results of literature search

Our search for evidence that supplemental calcium and/or vitamin D prevents
osteoporosis/fractures/falls revealed 7 articles from 6 recent systematic reviews, authored by
Shea et al.,47’50 Mackerras and Lumley,52 Papadimitropoulos et al.,49 Avenell et al.,143 and
Bischoff-Ferrari et al.'"**!'* Two articles on osteoporosis and colorectal cancer from the
Women’s Health Initiative study (WHI)'* were released as we prepared this report. We also
identified three small relevant randomized controlled trials '*”'*° that were not included in
previous systematic reviews. Using our search strategies, we identified no additional randomized
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controlled trials for the efficacy of calcium with or without vitamin D supplement use in the
primary prevention of other chronic diseases. In 2005, AHRQ awarded a contract to the
University of Ottawa’s EPC to conduct a systematic review of the efficacy of vitamin D on bone
density and fracture risk, but that review was not available in time for inclusion in the evidence
report.

All of this literature met our criteria for calcium and vitamin D formulations and doses. For
calcium, the doses were less than 2.5 grams per day, the adult UL recommended by the Food and
Nutrition Board (Appendix F, Evidence Tables 3p-3r). With regard to vitamin D, our interest
was in over-the-counter supplements, but some systematic reviews included studies using
formulations available only by prescription. Therefore, in summarizing these previous reviews,
we extracted the relevant data reported for non-prescription vitamin D3 (cholecalciferol) and
vitamin D, (ergocalciferol) used in doses not exceeding the UL, 2000 IU per day (Appendix F,
Evidence Tables 3p-3r).

Calcium

Design of systematic reviews. Three articles from 2 systematic reviews examined the
efficacy of calcium on BMD. Two of the reviews 47,50 by Shea etal. presented identical data, so
only the more recent article *’ was used. Shea etal. analyzed randomized controlled trials
published from 1978 to 1998 investigating skeletal effects of calcium supplementation in post-
menopausal women. The randomized controlled trials addressed fractures in 5 trials (n = 638)
and BMD in 15 trials (n=1826) of 1 to 4 years duration in women whose mean age ranged from
46 to 72 years. The Mackerras review ** evaluated 8 randomized controlled trials from 1987 to
1995. However, Mackerras etal. had a different focus, concentrating on year-by-year BMD
changes in a younger group of postmenopausal women (n = 1386, mean age 51 to 66 years)
(Appendix F, Evidence Tables 3p and 3q).

Quality of reviews. The strengths of the Shea review were: attention to methodologic detail
(e.g., contacting authors for details of randomization and blinding) and assessment of
heterogeneity of BMD results across studies with various subgroup analyses (e.g., losses to
follow up, time after menopause). A major limitation of the Shea review (and also that of
Mackerras whose papers were all included in the Shea review) was that conclusions were
compromised by problems inherent in the original studies. These problems included small
sample size, large losses to follow up, and significant heterogeneity of study populations and
interventions (e.g., the variable use of vitamin D in addition to calcium in treated and control
subjects) (Appendix F, Evidence Tables 3p and 3q).

Strengths of the Mackerras review were: strict attention to precision and quality control
issues involving bone density measurements that are often overlooked (e.g., excluded a study
that changed densitometers mid-study); rigorous analysis of BMD data (e.g., did not pool
measurements from different anatomical sites and measured BMD change year by year rather
than averaging total change over the treatment period); and subgroup analyses to evaluate effects
of calcium on bone density independent of other potential effectors, especially vitamin D and
exercise. An important weakness of the Mackerras review, in addition to those mentioned above,
was lack of discrimination against poorly randomized trials. Mackerras etal. did not contact
investigators for missing information.

Design of randomized controlled trials. The WHI published 2 articles comparing the effect of
calcium and vitamin D with placebo for primary prevention of fractures 16 and colorectal cancer

47,50,52
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"2 in healthy postmenopausal women. A subgroup of 2431 women had BMD measured at
annual visits 3, 6, and 9.

Storm et al.'"* compared the effect of calcium supplementation versus dietary calcium intake
or placebo on seasonal (i.e. winter) bone loss in healthy, older postmenopausal women (n = 60,
age greater than 65 years).

Meier et al."*’ compared the effect of calcium and vitamin D versus no treatment on seasonal
bone loss in healthy, German, community dwellers (Appendix F, Evidence Tables 3s and 3t).

Similarity and heterogeneity among randomized controlled trials. The WHI studies '**'*?
selected participants from multiple United States cities. WHI studies allowed personal calcium
and vitamin D supplementation up to 1000 mg and 600 IU daily respectively and thus had a
baseline average daily intake of 1150 mg calcium and 365 IU vitamin D as assessed by a food
frequency questionnaire. Meier '* did not allow prior or personal use of calcium or vitamin D
supplements, but did not assess baseline calcium or vitamin D intake at baseline. Storm limited
calcium intake to less than 800 mg per day as measured by food frequency questionnaire and
thus had an average baseline calcium intake of 684 mg per day (Appendix F, Evidence Tables 3s
and 3t).

Quality of randomized controlled trials. Strengths of the WHI study included: double
blinded, placebo-controlled study, large sample size, rigorous quality control, reporting of
baseline characteristics, clearly documented protocol, appropriate analytic methods, few losses to
follow-up, long follow-up, and central adjudication of outcomes. Weaknesses of the study
included: possible inadequate ascertainment of all outcomes, lack of adherence to treatment
regimen, high baseline intake of calcium and vitamin D (though diet and supplement use), and
inadequate power, all of which may bias this study to the null.

Strengths of the Storm study'*’ were the administration of calcium alone without vitamin D,
double blinding with placebo and treatment group, description of baseline calcium intake,
description and number of withdrawals, quality control and outcome ascertainment and
measurement of serum 25-hydroxyvitamin D levels during the study period. Weaknesses
included small sample size, poor description of adherence assessment, and clarity and
appropriateness of statistical analyses.

Strengths of the Meier study'?’ included randomization with description of baseline
equivalence of groups. Weaknesses of this study include: lack of placebo-control and double
blinding, unclear description of inclusion and exclusion criteria, no description of adherence,
high rate of withdrawals, short supplementation time, and heterogeneity of a relatively small
sample size of participants.

Results

Calcium and bone density. Both Shea et al. and Mackerras et al. reported a small positive
effect of calcium in preventing bone loss. Shea et al., who averaged BMD changes across the
entire treatment period, concluded that BMD at four different sites was consistently 1.5 to 2.0
percent higher after two years of treatment. In a more rigorous analysis of BMD data, Mackerras
et al. found that calcium’s effects occurred mainly in the first year. They concluded that BMD
losses actually occurred in both treated and control groups, but that losses were relatively greater
in controls (0.5-2.8% from baseline at 10 different sites) than in treated groups (with
corresponding losses of only 0.1-1.1%).

The WHI'*® found significant cumulative dose-responsive difference in total hip BMD
between patients treated with 1000 mg calcium and 400 IU vitamin D and placebo-treated
patients, but no significant difference in spine BMD.
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Storm et al. found that supplemental calcium alone (1000 mg per day) prevented seasonal
bone loss of the greater trochanter (associated with a 25% decrease in serum 25-hydroxyvitamin
D levels) and significantly increased BMD of the femoral neck by 3 percent from baseline. In
contrast, seasonal bone loss occurred in placebo-treated women who had a 3 percent loss of
BMD in the greater trochanter and 0.3 percent loss in the femoral neck after 2 years. Dietary
calcium treated subjects (average 1000 mg per day) had a 1.5 percent loss in greater trochanter
BMD and 1.8 percent loss in the femoral neck BMD. (Appendix F, Evidence Table 3r).

Meier et al. found that 500 mg calcium and 500 IU vitamin D supplementation significantly
increased lumbar (+0.8%, p=.04) and femoral BMD (+0.1%, p=.05) compared to the previous
year without any supplementation, which was significantly different (p=.03 for lumbar spine, and
p=.05 for femoral bone) from the control group, which had a decrease in lumbar and femoral
BMD'Y (Appendix F, Evidence Table 3u).

Calcium and fractures. Shea et al. found in calcium-treated individuals, a trend toward
reduction of vertebral fractures (RR 0.79, 95% CI 0.55-1.13). There was no significant effect of
calcium on non-vertebral fractures. Fracture results were consistent across studies but the
strength of the conclusion was limited by the small study populations and short follow up periods
(Appendix F, Evidence Table 3r).

Intention-to-treat analysis of the WHI study '*® found that calcium plus vitamin D
supplementation did not significantly decrease the incidence of hip fracture (HR 0.88, 95% CI
0.72-1.08), clinical spine fracture (HR 0.90, 95% CI 0.74-1.10) or total fractures (HR 0.96, 95%
CI 0.91-1.02) (Appendix F, Evidence Table 3u).

Calcium and colorectal cancer. A secondary outcome of the WHI trial was colorectal cancer.
Intention to treat analysis found that calcium plus vitamin D supplementation did not
significantly decrease the incidence of invasive colon cancer (HR 1.08, 95% CI 0.86-1.34).

Summary. The studies showed a consistent small effect of calcium on prevention of BMD
loss (approximately 2%) over a period of 2 or more years in postmenopausal women. The effects
occurred mainly in the first year. Calcium supplementation prevented the seasonal bone loss
associated with wintertime drops in vitamin D levels. Based on very limited data, Shea also
raised the possibility that calcium may reduce vertebral, but not non-vertebral, fractures.
(Appendix F, Evidence Tables 3r and 3u).

152

Vitamin D

Four articles from 3 systematic reviews, ** '**'* and one article from the WHI '* addressed
the effect of vitamin D on fractures. Vitamin D effects on BMD were also assessed in one of
these reviews, by Papadimitropoulos et al.,*’ as well as in the WHI study and 2 small randomized
controlled trials.'*”-"**

Design of Systematic reviews. The most comprehensive of the systematic reviews, the
Avenell study, '** investigated the effects of vitamin D with or without calcium on fractures.
Avenell et al. analyzed 38 randomized controlled trials; 12 of these (from 1983-2005) are
pertinent to our review because they involved treatment with vitamin D3 400-800 IU per day, in
about 35,000 men and women, age 65 or more. Included among the 12 trials is the large
Porthouse primary prevention trial (n=3454 women)'**which employed a treatment regimen of
vitamin D3 (800 [U/day) and calcium (1000 mg/day). The other 26 trials were not considered in
this review because they used active hydroxylated metabolites of vitamin D (Appendix F,
Evidence Tables 3p and 3q).
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Of the two systematic reviews by Bischoff-Ferrari et al., the first 145 explored anti-fracture
efficacy of vitamin D with or without calcium in older persons (8 trials, n = 9820, mean age 75
to 85 years), whereas the second 144 tested the effects of vitamin D; on fall prevention in a similar
but smaller population (3 trials, n = 613).

The Papadimitropoulos review, limited to older postmenopausal women (mean age 72 to 84
years), evaluated 25 randomized controlled trials, 10 of which we included in our review because
they employed vitamin D3 in doses of 300-2000 [U/day. Of the 10 trials, 6 measured BMD
changes (n = 956), and 4 evaluated fracture prevention (n = 5780) (Appendix F, Evidence Tables
3p and 3q).

Quality of Reviews. The strengths of the Avenell et al. review included its large size and
comprehensive nature that allowed independent assessment of the anti-fracture effects of vitamin
D and calcium, administered separately and in combination. Also important were assessments of
methodological quality for each reviewed trial (revealing a range of quality from poor to
satisfactory). A weakness of the Avenell et al. study was lack of information on dropouts from
both treatment and control arms of some studies, possibly causing inaccurate estimates of
outcome events by the intention to treat analysis. Similar to Avenell et al., a strength of the
Papadimitropoulos review was the assessment of methodologic quality of each eligible study. In
addition, a priori hypotheses concerning study design, population, intervention, and
methodologic quality were developed in an attempt to identify reasons for differences in results
across studies. Nevertheless, both the Avenell and Papadimitropoulos reviews suffered from
marked heterogeneity across the included studies.

A strength of the Bischoff-Ferrari fracture prevention review '** was the consistency of
treatment across studies with regard to vitamin D3 doses, but a problem was that calcium was
also used with some patients, possibly obscuring the effects of vitamin D alone. Other problems
were the small number of trials analyzed and the absence of specific large relevant studies.”""!
Similar issues of scope and variability in treatment regimens apply to Bischoff-Ferrari’s review
on fall prevention (Appendix F, Evidence Tables 3p and 3q). '**

Design of randomized controlled trials. The WHI study assessed the efficacy of vitamin Ds
(400 IU/day) with calcium (1000 mg/day) for primary prevention of fractures in healthy
postmenopausal women (n = 36,282, mean age 63 years).'** BMD was followed at annual visits
3, 6, and 9 in a subgroup (n = 2431) (Appendix F, evidence tables 3s-3u).

Meier etal. (519) compared the effect of supplemental vitamin D3 (500 [U/day) plus calcium
(500 mg/day) with no treatment for prevention of wintertime BMD losses in health German men
and women (n=55, age range 34-75 years).

Hunter etal. '**® compared the effect of vitamin D (800 IU cholecalciferol/day) with placebo
in a twin-control on change in BMD in healthy postmenopausal women living in the United
Kingdom over 2 years (Appendix F, Evidence Tables 3s and 3t).

Similarity and heterogeneity among randomized controlled trials. Most studies included
primarily postmenopausal women. Only Meier et al.'*’ included men in addition to
postmenopausal women. There was wide variation in baseline calcium and vitamin D intake and
exposure. The WHI studies '**'*® selected participants from multiple United States cities. Two
studies were conducted in areas of northern latitude, Gerrnany,147 and the United Kingdom, with
presumably less sunlight exposure. WHI studies allowed personal calcium and vitamin D
supplementation up to 1000 mg and 600 IU daily respectively and thus had a baseline average
daily intake of 1150 mg calcium and 365 IU vitamin D as assessed by a food frequency
questionnaire. Hunter '** did not allow vitamin D or calcium supplementation, but participants
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had daily baseline calcium and vitamin D intakes of 1050 mg and 135 IU respectively. Meier et
al. ' did not allow prior or personal use of calcium or vitamin D supplements, but did not assess
baseline calcium or vitamin D intake at baseline. Treatment intervention regimens also varied
among the different studies. Three studies used both calcium and vitamin D."**'*"1 One study
used only vitamin D."** Vitamin D formulation was cholecalciferol'**'*'>? with dosage ranging
from 400 to 500 IU daily (Appendix F, Evidence Tables 3s and 3t).

Quality of randomized controlled trials. Strengths of the WHI study included: double
blinded, placebo-controlled study, large sample size, rigorous quality control, reporting of
baseline characteristics, clearly documented protocol, appropriate analytic methods, few losses to
follow-up, long follow-up, and central adjudication of outcomes. Weaknesses of the study
included: possible inadequate ascertainment of all outcomes, lack of adherence to treatment
regimen, high baseline intake of calcium and vitamin D (though diet and supplement use), and
inadequate power, all of which may bias this study to the null.

Strengths of the Meier study '*’ include randomization with description of baseline
equivalence of groups. Weaknesses of this study include: lack of placebo-control and double
blinding, unclear description of inclusion and exclusion criteria, no description of adherence,
high rate of withdrawals, short supplementation time, and heterogeneity of a relatively small
sample size of participants.

Hunter et al. '*® described inclusion/exclusion criteria, flow of patients, and baseline
equivalence of patients well. Other strengths of the study included double blinding, placebo-
control, and assessment of adherence. Small size of the study, nearly 20 percent withdrawal rate,
and high baseline intake of calcium and vitamin D may have limited the power of the study.

Results.

Bone mineral density. The Papadimitropoulos review also analyzed BMD effects of vitamin
D. Treatment with vitamin D3 between 300 and 2000 IU/day caused only marginal positive
effects of the vitamin D and calcium intervention (increases by about 1% in the femoral neck in
year 5 and in the lumbar spine in year 1).

The WHI'** found a mean difference in total hip BMD of 0.59 percent (p<.001) at 3 years,
0.86 percent (p<.001) at 6 years, and 1.06 percent (p=.01) at 9 years between those treated with
calcium and vitamin D and placebo group. There was no significant difference in BMD in the
spine.

Hunter et al.'"*® did not find any significant difference in spine or hip BMD between those
treated with vitamin D alone and control.

Meier et al.'*’ found calcium and vitamin D supplementation significantly increased lumbar
BMD (+0.8%, p=.04) and femoral BMD (+0.1%, p=.05) compared to the previous year without
any supplementation, which was significantly different (p=0.03 for lumbar spine, and p=0.05 for
femoral bone) from the control group that had a decrease in lumbar and femoral BMD
(Appendix F, Evidence Tables 3r and 3u)

Fractures. The review by Avenell et al. included data from primary prevention trials as well
as secondary prevention trials. They reported that vitamin D alone did not prevent hip, vertebral,
or any non-vertebral fractures, and that vitamin D (700-800 IU per day) plus calcium (1000
mg/day) reduced hip fractures (RR 0.81, 95% CI 0.68-0.96) and non-vertebral fractures (RR
0.87, 95% CI1 0.78-0.97), but the combination was no more effective than calcium alone. There
was no effect on vertebral fractures. Subgroup analysis indicated that the effects on hip and non-
vetabral fracture were primarily reported from studies of the incidence of fracture (3 trials,
n=4242; RR 0.75, 95% CI 0.62-0.91 for hip fracture; RR 0.83, 95% CI 0.72-0.95 for non-
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vertabral fracture), but not recurrence of fracture (4 trials, n=6134; RR 1.02, 95% CI 0.71-1.47
for hip fracture; RR 0.93, 95% CI 0.79-1.10 for non-vertebral fracture). Another subgroup
analysis showed that the effects on hip fracture were primarily reported from studies in
institutionalized groups (2 trials, n=3853, RR 0.75, 95% CI 0.62-0.92), but not in community-
dwelling groups (5 trials, n=6523, RR 1.01, 95% CI 0.70-1.44), whereas the effects on non-
vertabral fracture were similar between the two types of populations (RR 0.85 and 0.89,
respectively). Baseline mean serum 25-OH vitamin D levels (measured in 9 of the studies) were
generally quite low (< 15 ng/mL), but levels after vitamin D supplementation were not available.

In the Papadimitropoulos review, fracture results were similar to those of Avenell et al.
Comparable treatment regimens of vitamin D3 and calcium were associated with a non-
significant trend in reduction of non-vertebral fractures (RR 0.78, 95% CI 0.55 — 1.09).
(Appendix F, Evidence Table 3r).

In contrast, both of the reviews by Bischoff-Ferrari et al. showed definitive positive effects of
vitamin D3 with or without calcium, on fracture reduction and prevention of falls. Analysis of all
the fracture results revealed heterogeneity that was resolved by pooling studies into separate
high-dose (700-800 IU/day) and low dose (< 400 [U/day) subgroups. Studies using the high-dose
regimen showed reductions in the pooled relative risk of hip fracture (RR 0.74, 95% CI1 0.61-
0.88) and of non-vertebral fracture of (RR 0.83, 95% CI 0.70-0.98). In a similar analysis of the
effect of vitamin D on falls, supplementation with 800 IU/day with or without calcium had a
pooled odds ratio for prevention of falls of 0.78 (95% CI 0.64-0.92) (Appendix F, Evidence
Table 3r).

Incidence of fractures was the primary outcome of interest in the WHI study.'** Intention-to-
treat analysis found that calcium plus vitamin D supplementation did not significantly decrease
the incidence of hip fracture (HR 0.88, 95% CI 0.72-1.08), clinical spine fracture (HR 0.90, 95%
CI10.74-1.10) and total fractures (HR 0.96, 95% CI 0.91-1.02) in the total trial participants. A
subgroup analysis of women who took at least 80 percent of study medication showed a
significant risk reduction in hip fracture (HR 0.71, 95% CI 0.52-0.97) (Appendix F, Evidence
Table 3u).

Colorectal Cancer. A secondary outcome of the WHI trial was colorectal cancer.'*” Intention
to treat analysis found that calcium plus vitamin D supplementation did not significantly
decrease the incidence of invasive colorectal cancer (HR 1.08, 95% CI 0.86-1.34) (Appendix F,
Evidence Table 3u).

Summary. The majority of published literature on calcium and vitamin D are studies in
postmenopausal women. Review of this evidence supports improvement in BMD with calcium
with or without vitamin D supplementation for postmenopausal women. The evidence
also indicates that calcium supplementation was associated with a non-significant trend toward
decreasing the risk of vertebral fractures. The greatest benefit of calcium supplementation was
found to occur in the first year of use. There is a paucity of data on the effect of vitamin D alone
on BMD. Vitamin D combined with calcium prevented hip fracture and non-vertebral fracture
with the greatest benefit seen in populations with a low baseline intake of calcium and/or vitamin
D. A high dose of vitamin D (700-800 IU per day) with or without calcium prevented hip
fracture, non-vertebral fracture and falls. Taking into consideration the quantity, quality, and
consistency of evidence on the efficacy of vitamin D and calcium, we concluded that the overall
strength of evidence is “low" for calcium to prevent loss in BMD, vitamin D to prevent loss in
BMD, and for vitamin D to prevent fractures, "very low" for calcium to prevent fractures, and
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"high" for combined calcium and vitamin D to prevent BMD loss, hip fracture or non-vertebral
fracture (Table 6).

Key Question 4

What is Known about the Safety of Use of the Following Single Nutrients in the General
Population of Adults and Children, Based Primarily on Data From Randomized Controlled
Trials and Observational Studies?

Calcium and vitamin D

In a recent Cochrane review, it was concluded that studies are too different (exposure time,
doses, etc) to draw general conclusions regarding the safety of calcium supplements. A case
report of nephropathy with calcified lesions in a patient consuming 1g/day of calcium lactate
appears to be the result of the combined use of high dose ascorbic acid (6,000mg/day) plus
laxatives that led to chronic hypokalemia.”

The calcium-vitamin D arm of the WHI study ™ administered 1g of calcium carbonate and
400 IU of vitamin D daily to 18,000 postmenopausal women for 7 years. The study reported an
increased risk for kidney stones in the active group (HR 1.17). No other significant differences
among the study groups were observed, including gastrointestinal symptoms.

Long-term consumption of 1g or more per day of calcium may increase risk of kidney stones.
It is not clear whether this finding can be generalized to premenopausal women or to men.

146

Vitamin A

Randomized controlled trials

A number of studies compared retinol or B-carotene supplementation with placebo.

The CARET trial in smokers *° administered 25,000 [U per day of vitamin A and 30 mg per day
of beta-carotene for 5 years, and reported no adverse effects other than yellowing of the skin in
0.3 percent of people in the active group. In this study,'> the active group also exhibited a
modest but significant rise in serum triglycerides. This increase remained stable after the first
year of follow up, i.e., it was non-progressive (Appendix F, Evidence Tables 4a-4d).

Another study in healthy adults aged 18-54 years’’ compared the effects of 15,000 IU per day
of vitamin A (4500 RE) with a group receiving only 75 IU per day, for 5 years. The only relevant
finding was an increase in serum triglycerides in the high-dose group, from 1.0 at baseline to
1.30 at year 3 and 1.18 at year 5. There was no effect on liver enzymes, and no increase above
defined maximal plasma retinol levels (3.49 umol/L) (Appendix F, Evidence Tables 4a-4d).

Observational studies

The possibility that high intakes of retinol increase the risk of hip fractures, particularly in
postmenopausal women, has been raised by one observational study that tracked 35 77-year-old
women for 18 years. '3 This study reported an increased risk of hip fractures in persons at the
higher quartile of total retinol intake. However, there was no significant difference in fracture
risk between users and non-users of multivitamin or vitamin A supplements. These provided
around 25 percent of the total daily retinol intake, or around 400-500ug RE/day. There was no
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association between hip fractures and -carotene intake, either total, from foods, or from
supplements.

Another, 9-year observational study in 34,000 postmenopausal women found no significant
correlation between food or supplemental retinol intake and hip or all-type fractures.'>

Cross-sectional studies

A cross-sectional study in 178 Swedish women'*® reported a significant negative correlation
between dietary retinol intake and BMD. The authors attributed this finding to the very high
retinol intake in Nordic countries, associated with the common use of cod liver oil and the
fortification of milk with vitamin A. The potential contribution of vitamin supplements was not
reported in this study. Another more recent cross-sectional assessment of 11,000 women enrolled
in the WHI cohort '’ found no correlation between diet-only or total retinol intake and BMD.
Blood retinol levels, measured in a subsample, were not correlated with BMD either. Similarly,
an analysis of data from the NHANES III survey found no correlation between serum retinyl
ester concentrations and BMD. "

In terms of the possible effects of total daily vitamin intake, a conservative interpretation of
the limited human data may be warranted, because of the biological plausibility of a negative
effect of excess vitamin A on bone. However, the data specifically linking vitamin A
supplements or multivitamins containing retinol to fracture risk are very limited and insufficient
to draw a definitive conclusion at this time.

Vitamin E

The VECAT study administered 500 IU of vitamin E per day to 1200 volunteers (50-88 years
of age) for 4 years. ''* No difference in adverse events or mortality was identified between active
and placebo groups.

Another study administered vitamin E to healthy adults, but is not discussed here because of
its low sample size (n=42 total, divided in 4 arms), short follow up (6 weeks), and lack of
outcome data relevant to this report.

In the WHS,"” participants received 600 TU of vitamin E every other day. No excess adverse
effects were identified in the active group, except for marginally significant increased epistaxis.
Authors attributed this to a chance finding, since there was no other evidence of an adverse effect
on bleeding (coagulation time, hemorrhage, hemorrhagic stroke, etc). The PPP study'
administered 300 mg/d for 3.6 years, to people more than 65 yrs of age. Only bleeding and
mortality were monitored, and no significant differences in these outcomes were found between
active and control groups (Appendix F, Evidence Tables 4e-4g).

B-carotene

The beta-carotene arm of the WHI study *® administered 50 mg/day of beta-carotene to about
20,000 women for 2 years. The only adverse effect associated with treatment was yellowing of
the skin.

Another randomized controlled trial  followed about 400 adults for 4 years, administering
30 mg/day of beta-carotene or placebo. This study did not report specific events associated with
the beta-carotene arm, but the number of withdrawals associated with self-reported adverse
effects of the supplement was 65 in the active group and 64 in the placebo group.
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The PHS administered 50 mg of beta-carotene on alternate days to about 11,000 participants
for almost 12 years. The only significant adverse effects reported were yellowing of the skin
(1700 in active vs. 1500 in placebo) and minor gastrointestinal symptoms, such as belching (275
in active vs. 124 in placebo) (Appendix F, Evidence Tables 4a-4d).

Selenium

One randomized controlled trial administered 200 pg/day of selenium for 4.5 years to 1300
patients with a history of skin cancer. '*> More participants complained of gastrointestinal
symptoms in the active group than in the placebo group (21 vs. 14). There were no differences in
plasma selenium levels between those reporting symptoms and those who did not (Appendix F,
Evidence Tables 4h-4j).

Iron

The possible adverse effect of iron supplementation in healthy children is an issue receiving
intense scrutiny at this time. An early report from a small randomized trial in 40 iron-sufficient,
non-anemic children showed a significant reduction in weight gain over 4 months in
supplemented (3mg/kg/day) children compared to placebo '*°. More recent trials have not fully
clarified this issue, because they targeted deficient populations and/or included other
micronutrients in the intervention formulation (Appendix F, Evidence Tables 4h-4;).
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Chapter 4. Discussion

The biological effects of vitamins and minerals have sparked enormous scientific enthusiasm
in examining their potential as agents for preventing a variety of chronic diseases and conditions.
Over the past four decades, there have been more than 355,000 peer-reviewed articles addressing
one or more of the nutrients that often are included in multivitamin/mineral supplements. The
evidence accumulated to date primarily concerns vitamin/mineral supplement use in relation to
the prevention of cancer, cardiovascular disease, and bone health, and less frequently, eye
disease and cognitive function. In this context, the nutrients that have been studied the most
include multivitamins, B-carotene, vitamin E, folic acid/vitamin B6/vitamin B12, calcium,
vitamin D, and to a lesser extent, selenium.

In 2003, the United States Preventive Services Task Force released a report concluding that
the evidence is insufficient to recommend for or against the use of supplements of vitamins A, C,
or E; multivitamins with folic acid; or antioxidant combinations for the prevention of cancer or
cardiovascular disease. The Task Force also concluded that B-carotene supplementation provides
no benefit in the prevention of cancer or cardiovascular disease in middle-aged and older
adults.'® In addition to providing an update on the available evidence, this evidence report goes
beyond the scope of the United States Preventive Services Task Force review to have included
systematic reviews and original studies on the efficacy of multivitamin/mineral supplement use
in the prevention of chronic diseases and conditions, in addition to cancer and cardiovascular
disease, in the general adult population, and on the safety of multivitamin/mineral supplements,
vitamin A, vitamin D with or without calcium, vitamin E, folic acid, B-carotene, selenium, and
iron supplementation in the general population of adults and children.

Summary of the Key Findings

Results from this systematic review indicate a relative paucity of data that specifically
address the efficacy of multivitamin/mineral supplement use in the prevention of chronic disease
in the general population of the United States. The data were on the efficacy of designed
combinations of vitamins and minerals; none of the trials used the one-a-day multivitamins (of
approximately 100% of the RDAs) prevailing on the market. The Linxian trial suggests that
supplementation with combined B-carotene, vitamin E and selenium supplements at doses 1 to 2
times the RDA for 5 years had 13 percent to 21 percent reductions in gastric cancer incidence,
gastric cancer mortality, and total cancer mortality in a nutritionally deprived Chinese
population. The reduction in cancer mortality was stronger in women than in men, and in persons
of age 55 or younger. There were no significant effects on total cancer incidence and
cerebrovascular mortality. The SU.VI.MAX study in a French population documented a 31
percent reduction in overall cancer risk by use of 5 antioxidants (vitamin C, vitamin E, 3-
carotene, selenium, and zinc) for 8 years in men but not in women, and a 12 percent reduction in
prostate cancer risk, particularly a 48 percent risk reduction in those with normal prostate
specific antigen levels at baseline. There was no significant effect of the combined antioxidants
on ischemic cardiovascular disease incidence. In this trial, men had lower serum levels of
vitamin C and B-carotene than women at baseline. Multivitamin/mineral supplement use for 3 to
6 years had no significant benefits in preventing cataract in 3 trials in the United States (with one
trial also in United Kindom) and the Linxian trial. High-dose zinc combined with antioxidants
had beneficial effects on age-related macular degeneration only in those with intermediate age-
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related macular degeneration in one or both eyes, or those with advanced age-related macular
degeneration in one eye.

Overall, total mortality data pointed to either no increased risk or lower risk in the groups
with multivitamin/mineral supplement use. Total mortality was 9 percent lower among those
who received B-carotene, selenium, and vitamin E in the Linxian trial; there was no sex- or age-
difference in the relative risks. In the AREDS study, total mortality was 6 percent higher in the
group receiving antioxidants compared to the group receiving no antioxidants, but the increase
was not statistically significant. Among the participants at high risk for age-related macular
degeneration, total mortality was 13 percent to 20 percent lower in the groups receiving zinc
alone or zinc combined with antioxidants.®*” In the SU.VI.MAX study, a sex-difference was
documented for the relative risk of total mortality among those receiving antioxidants and zinc
compared to those receiving placebo. In the REACT, total mortality rate was not calculated.
Nine deaths occurred in the antioxidant group, whereas 3 deaths occurred in the placebo group.
The deaths in the antioxidant group were caused by esophagitis, sudden death, aneurysm,
pulmonary fibrosis, cancer, and coronary thrombosis.

Daily supplementation with B-carotene of 20 mg, 30 mg or 50 mg was not protective against
malignancies, cardiovascular disease outcomes, diabetes mellitus, cataract or age-related
maculopathy. Supplementation with B-carotene with or without vitamin A increased the
incidence of lung cancer in persons with asbestos exposure or in cigarette smokers, and was
associated with increased mortality in some trials. To date, there has been no randomized
controlled trial that assessed the efficacy of vitamin A alone in preventing chronic disease.
Studies in selected populations (nutritionally inadequate, asbestos exposure, or smokers) showed
no benefit of combinations of vitamin A and zinc or vitamin A and B-carotene for the prevention
of stroke mortality, esophageal or gastric cancer incidence, or cardiovascular or all-cause
mortality.

Vitamin E supplements (synthetic a-tocopherol 50 mg or 300 IU per day, or natural source,
600 IU per day) have been studied for primary prevention of cancer, cardiovascular disease,
cataract, and age-related eye disease. The evidence predominantly comes from the ATBC and
WHS studies.®**7200¢98190197 There was a lack of effects of vitamin E in the prevention of these
diseases, except for a 32 percent reduction in prostate cancer incidence, a 41 percent reduction in
the prostate cancer mortality, and a 22 percent reduction in colorectal cancer in heavy smokers in
the ATBC, and decreased cardiovascular deaths (primarily sudden death) in the WHS
participants, particularly in those aged 65 years or older. The findings on hemorrhagic stroke
were conflicting between the ATBC trial and the WHS; the former found a higher risk with use
of low-dose a-tocopherol supplements but the latter found a lower risk with use at a high dose.

Two previous systematic reviews reported that supplementation with folic acid at daily
doses of 0.75 mg or 30 mg, alone or in combination with vitamin B12 and/or vitamin B6 for 5-12
weeks, had no significant effects on cognitive function in 5 small randomized controlled trials.
Combined vitamin B2 and niacin supplement use for 5 years had no significant effects on
cerebrovascular mortality, total mortality, total cancer incidence, and esophageal or gastric
dysplasia/cancer incidence and esophageal or gastric cancer mortality in a poorly nourished
population in China.

In a study in persons with a history of non-melanoma skin cancer, supplementation with
selenium of 200 mcg per day had no effect on cardiovascular outcomes, but had protective
effects on total mortality and incidence of lung, colorectal, and prostate cancers. Another study
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in China found a significantly reduced risk for liver cancer in those who used selenium
supplements of 200 mcg/day for two years.

Due to the substantial amount of efficacy data on calcium/vitamin D and osteoporosis, we
reviewed systematic review articles supplemented with data from recent randomized controlled
trials and data from randomized controlled trials meeting our inclusion criteria that were not
included in previous systematic reviews. The previous reviews reported that supplementation
with calcium has short-term (particularly within one year) benefit on retaining bone mineral
density in postmenopausal women, and a possible effect in preventing vertebral fractures. The
reviews also indicated that combined vitamin D3 (700-800 IU/day) and calcium (1000 mg/day)
may reduce the risk of hip and other non-vertebral fractures in populations with low levels of
vitamin D and/or calcium. Recent published data from the WHI trial were consistent with these
systematic reviews in showing a 1.06 percent higher hip bone density (p<.02) and a 12 percent
non-significant lower risk for hip fracture in postmenopausal women after receiving calcium
carbonate (500 mg twice a day) and vitamin D3 (200 IU twice a day) for an average of 7 years as
compared to women receiving a placebo. In this trial, participants were allowed to have self-
selected use of multivitamin supplement as well as calcium and vitamin D supplements up to
1000 mg and 600 IU per day, respectively, and thus had a baseline average daily intake of 1150
mg calcium and 365 IU vitamin D. Hence, the WHI participants had higher intake of calcium
than the general population (761 mg per day). The WHI trial found no benefit of calcium and
vitamin D supplementation in preventing colorectal cancer incidence.

For evidence on the safety of multivitamin/mineral supplements when used for the purpose
of preventing chronic disease, we identified 10 studies using multivitamin/mineral preparations
and 24 studies using single nutrients for primary prevention of chronic disease. Doses were
usually 2 to 10 times the RDA. Overall, we found no consistent pattern of increased adverse
effects in the active group compared with the placebo group, with the exception of changes in
skin color, which was common in studies in which beta-carotene was part of the multivitamin
preparation.

Supplementation with f-carotene with or without vitamin A also increased the incidence of
lung cancer in persons with asbestos exposure or in heavy smokers, and was associated with
increased mortality. Vitamin A supplementation may moderately increase serum triglyceride
levels. Calcium supplementation increased the risk of kidney stones. Vitamin E supplementation
was associated with an increased incidence of epistaxis but was not associated with an increased
risk of more serious bleeding events, such as hemorrhagic stroke. Iron supplementation was
found to reduce weight gain in iron-sufficient, non-anemic children in a small randomized
controlled trial. But more recent trials have not fully clarified this issue, because they targeted
deficient populations and/or included other micronutrients in the intervention formulation.

Efficacy of Multivitamin/mineral Supplements

Between the Linxian trial and the SU.VI.MAX trial, the types of vitamin/mineral
supplements overlapped and the doses were similar. The efficacy was somewhat different, but
had similar implications. *+%7*11161162 yhile the multivitamin/mineral supplements used in the
Linxian trial reduced cancer mortality by 21 percent in women and by 7 percent in men, the
efficacy of the multivitamin/mineral supplementation in the SU.VI.MAX in reducing cancer
incidence was only evident in men. This sex-dependent efficacy may be accounted for by the
different nutritional status of the study populations, i.e., generally poor nutritional status in the
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Linxian population and the suboptimal antioxidant status in men compared with women in the
SU.VL.MAX.® These findings also corroborated observational studies that suggest benefits of
fruits and vegetables on cancer prevention. However, they did not suggest that supplementation
with multivitamins and minerals can replace a balanced, healthful diet to achieve an optimal
health state because these studies were not designed to address that question. In view of the
inadequate nutritional intake in the Linxian population and the “French paradox,” the
generalizability of the findings from the SU.VI.MAX and Linxian trials to the United States
population is uncertain.

For cataract prevention, AREDS was the largest trial with findings internally consistent in
showing no benefits of multivitamin/mineral supplement use. While the REACT found a
deceleration in cataract progression in the United States study site, similar benefits were not seen
in the United Kingdom study site. For the prevention of age-related macular degeneration, the
AREDS study found benefits of high-dose (10 times RDA) zinc alone or in combination with
antioxidants in persons with intermediate age-related macular degeneration in one or both eyes,
or persons with advanced age-related macular degeneration in one eye. The MONMD study was
conducted in persons with advanced dry age-related macular degeneration. The study suffered
from missing data and unclear data analysis and presentation, but the authors concluded that the
antioxidant supplements used in the study stabilized but did not improve dry age-related macular
degeneration. It appears that benefits of multivitamin/mineral supplements in the
prevention/management of age-related macular degeneration were limited to persons with
moderate or advanced age-related macular degeneration. However, such inference was based on
findings from two trials (n=3,580) with one that was very small (n=71).

With multivitamin/mineral supplements in wide use by the general public in the United
States, particularly middle-aged or older individuals, it would be difficult now to recruit trial
participants for the conduct of large-scale randomized placebo-controlled trials to determine the
efficacy of multivitamin supplementation in chronic disease prevention. In the AREDS, 55
percent of study participants had used some vitamins/minerals before enrollment, and
consequently, the study investigators provided a free brand name multivitamin to 66 percent of
the study participants. Because many nutrients share common mechanisms of action, self-
selected supplement use may attenuate the net efficacy, if any, of the nutritional supplements
under investigation. This conjecture is supported by the findings that 40 percent of the WHS
participants had multivitamin/mineral supplement use in addition to study supplements, and
when limited to non-multivitamin supplement users, the relative risk of major cardiovascular
disease was 0.88 (95% CI 0.75-1.03), in contrast to a relative risk of 1.02 (95% CI 0.84-1.25)
among multivitamin supplement users.®” We have found that very few studies reported
participants’ self-selected supplement use, and most studies allowed use of supplements that
were not under investigation. This limitation was rarely addressed in the literature.

Efficacy of B-carotene

Much research interest has been devoted to elucidating how B-carotene may increase lung
cancer risk in high-risk individuals. "Antioxidants" have been assumed to exert in vivo anti-
oxidative effects, based on in vitro observations. In fact, the oxidative propensity of a purported
"antioxidant" depends at least on the concentrations, the redox potential of the molecule, and the
biological environment the molecule is in (e.g., the oxygen tension and the existence of other
oxidants/antioxidants). For example, carotenoids may inhibit or enhance apoptosis depending on
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their concentration, concerted action of other oxidants/antioxidants, cell type, and redox status.'®?
At low oxygen tension, B-carotene may act as an antioxidant, while at high oxygen tension, it
may behave as a pro-oxidant,'** although a pro-oxidant effect was not corroborated by an in vitro
experiment on human bronchial epithelial cells.'® While B-carotene has a pivotal role in
preventing vitamin A deficiency, the general lack of benefits from [-carotene supplementation
and its potential harms in increasing lung cancer risk among high-risk individuals argue against
supplementation with B-carotene alone for chronic disease prevention in the general population.

Efficacy of Vitamin E

In addition to B-carotene, vitamin E is the most extensively studied single nutrient as a
chemopreventive agent. Several systematic review articles on vitamin E were identified in our
literature search."'*'°!® However, in the majority of the previous reviews, primary prevention
trials were not separated from secondary prevention trials, *"'*'*® and when aggregate efficacy
was calculated, the efficacy of a single nutrient in one intervention arm was not separated from
the efficacy of multiple nutrients in one intervention arm.'**''"*!%® A systematic review can give
misleading results for the efficacy of a single nutrient by including data from trials of multiple
nutrients in an intervention arm (which is a multivitamin/mineral intervention). This argument is
based on the rationale that several nutrients share common mechanisms of action, that nutrient-
nutrient interaction may exist, and that the efficacy of an individual nutrient cannot be
determined in a trial that includes multiple nutrients in an intervention arm. This argument is also
substantiated by a systematic review in which the aggregate effect of vitamin E alone on
cardiovascular death, fatal myocardial infarction, non-fatal myocardial infarction was
consistently in the protective direction (RR 0.96, 0.97, and 0.72, respectively), but the RR was
1.03, 1.02, and 0.99 respectively when efficacy was calculated for vitamin E in combination with
other nutrient(s).'"*

The general lack of benefits of vitamin E in the primary and secondary prevention of cancer,
cardiovascular disease, cataract, and age-related macular degeneration was unexpected in view
of the substantial evidence from experiments, animal studies and epidemiologic studies that
showed great promise of vitamin E. Natural vitamin E has eight forms, a-, -, y-, and o-
tocopherols and a-, B-, y-, d-tocotrienols. Supplements of RRR-a-tocopherol, that is not naturally
occurring, but derived from methylating y-tocopherol in vegetable oil, are often commercially
labeled as “natural source” vitamin E (as used in the WHS®’).”® It has been shown that high
intake of a-tocopherol may enhance the metabolism of other forms of vitamin E.'”*'"! Because
y-tocopherol is the predominant (70%) vitamin E in the typical American diet,'”* and because y-
tocopherol and its metabolite may have biological effects,'>*'"* it has been hypothesized that
reductions in circulating y-tocopherol levels by a-tocopherol supplementation may compromise
the efficacy of a-tocopherol, if any.'” In the present review, we found that many trials that used
vitamin E did not report the chemical forms. Presumably, all trials used some esters of a-
tocopherol because a-tocopherol was the center of research attention in the past, and y-
tocopherol or mixed tocopherols were only available on the market in recent years.

Based on data from the PPP and WHS, neither synthetic a-tocopherol of 300 IU per day for a
short term, 3.6 years, nor natural source a-tocopherol of 600 IU every other day for a long-term,
10 years, had beneficial effects in the primary prevention of cardiovascular outcomes.*”''* One
intriguing finding from the WHS was the significantly lower risk of cardiovascular death
(primarily sudden death), which might have been due to chance alone.”’
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Prompted by the findings from the ATBC trial and the NCP trial on the reduced risk for
prostate cancer,'*""'** the National Cancer Institute has launched the Selenium and Vitamin E
Cancer Prevention Trial (SELECT) to test for the efficacy of daily use of a-tocopherol
supplements in the primary prevention of prostate cancer in 32,400 men. The SELECT trial uses
synthetic a-tocopherol of a high dose, 400 U, and will be closed out in 2013.'7°

Vitamin/mineral Supplement Use and Total Mortality

The implications of the impact of vitamin/mineral supplement use on total mortality are
uncertain. Total mortality is relevant to the context of chronic disease prevention because it may
provide a clue to potential harms and can be considered as a reference outcome in risk/benefit
analysis. However, because two of the causality criteria cannot be applied to death outcome (i.e.,
response to re-challenge and response to discontinuation of use), the risk for death should be
considered based on plausible biological mechanisms and the evidence on the effects of the
nutrients on specific disorders. With this rationale along with the consideration on the great
heterogeneity in the study design (i.e., factorial design vs. parallel-arm design), doses of
supplements, duration of supplement use, and characteristics of study participants, we did not
attempt to calculate an aggregate estimate for total mortality for the trials that reported such data.
Instead, we examined the causes of death that might have accounted for the difference in total
mortality between randomized groups.

The 9 percent reduced risk of total mortality by multivitamins/minerals in the Linxian trial
was likely to be driven by the reduction in stomach cancer mortality. Similarly, reduced total
mortality in men in the SU.VI.MAX may reflect the 31 percent reduction in cancer incidence.

The higher total mortality by -carotene supplementation during the conduct of ATBC trial
was primarily due to lung cancer and cardiovascular disease, whereas the higher total mortality
in the first 4 years of post-trial follow up was primarily due to a wide spectrum of cardiovascular
diseases.'” How B-carotene increased the risk of cardiovascular mortality remains unclear.

A contentious issue regarding vitamin E supplementation is its impact on total mortality. The
issue was set off by a recent meta-analysis from which an excess of 39 deaths per 10,000 persons
was reported (95% CI 3 to 74 per 10,000) for trials using vitamin E at doses greater than or equal
to 400 IU per day.'®® In contrast, mortality was reduced (risk difference was —16 per 10,000 (—40
to 10 per 10,000) for trials using lower doses (less than 400 IU per day).'®® This meta-analysis
had the shortcoming in combining 9 primary prevention trials and 10 secondary prevention trials,
and combining data from 9 trials using vitamin E alone and data from 10 trials using vitamin E
combined with other nutrients, including -carotene which has been linked with an increased risk
for total mortality. Furthermore, most trials that used high doses were secondary prevention trials
in persons with various types of diseases and medication use.

In the present review on vitamin E supplement use for primary prevention, the ATBC and the
WHS participants comprised 87 percent of the study populations. In the ATBC trial, a 2 percent
increased risk of total mortality was observed at the end of the supplementation period, but a 4
percent risk “reduction” was observed in the next 3 years, followed by a 5 percent increase for
the next 3 years and 0 percent for the next 2 years.'” The overall relative risk of total mortality
during the 8 years of post-trial follow up was 1.01 (95% CI 0.96 to 1.05) and there was no
difference in the relative risk of mortality throughout the post-trial follow up period.'” These
findings suggest no late effects of a-tocopherol supplementation on risk of death in heavy
smokers. In the WHS,*’ the authors reported that “the main causes of death, apart from
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cardiovascular and cancer deaths, were pulmonary diseases (32 vitamin E, 22 placebo) and
violent deaths, excluding suicide (9 vs. 6). None of these causes of deaths was significantly
related to vitamin E.” The relative risk of cardiovascular death and cancer death in the WHS was
0.76 (95% CI0.59-9.98) and 1.12 (95% CI 0.95-1.32), respectively.”” The VECAT documented
31 deaths (20 in vitamin E; 11 in placebo), and the authors reported that “no consistent or
unusual patterns were identified among the specific causes of death recorded.” " In view of
these data along with consideration of biological plausibility, we find no convincing evidence to
suggest vitamin E supplement use increases risk of death per se.

Timing and Duration of Supplement Use

Timing and duration of supplement use is an important determinant of the efficacy. However,
these issues have rarely been addressed in the literature and little is known about the optimal
time to start and stop supplementation. For the reasons of feasibility and resource constraints,
most randomized controlled trials have had a follow up period of approximately 5 years, and
some followed for only 2 years, while a chronic disease may take 10 to 20 years to develop.

In the ATBC and CARET studies, lung cancer risk was increased by B-carotene alone or by
combined B-carotene and retinol over 5 to 10 years of supplementation among heavy smokers
and persons regularly exposed to asbestos, suggesting that the supplementation regimens might
have accelerated the progression of carcinogenesis in these high-risk groups.

The CARET study reported a late effect of B-carotene supplementation on lung cancer.”* The
ATBC trial observed a late effect on colorectal cancer, but not lung cancer.'” These post-trial
follow up data may provide some clues to how likely the link between B-carotene
supplementation and increased lung cancer incidence was causal, and how the effects may vary
with carcinogenesis processes, but the data may also be simply due to chance alone or be subject
to confounding by trial participants’ changes in supplement use after the closeout of the trial.

An intriguing finding from the WHS study was that a significantly lower risk of major
cardiovascular events was limited to women aged 65 or older who received vitamin E
supplements for 10 years (RR 0.74).*” This finding is not congruent with the oxidative
hypothesis stating that oxidative damage occurs early in the atherosclerosis process,'’’ nor with
the data that showed that early atherosclerotic lesions occurred in adolescents.'’*'” In the
Linxian trial with 5 years of follow up, benefits of a-tocopherol, selenium and B-carotene on
cancer mortality, cardiovascular mortality and total mortality were more evident in those aged
less than 55 years.”” The SU.VL.MAX trial found a protective effect of antioxidants on prostate
cancer incidence among men who had normal prostate specific antigen levels, but not in men
who had elevated prostate specific antigen levels after 8 years of follow up.”’ The benefit on
prostate cancer by -carotene supplement use in the ATBC trial was limited to clinical prostate
cancer but not for latent cancer.'®' If cancer development takes more than 10 years to develop,
these data would seem to have provided paradoxical information on whether antioxidant
supplements should be used earlier or later in the life span, let alone whether different
chemopreventive agents may act differently along the carcinogenesis process. Additional data
from subgroup analyses from trial enrollment to diagnosis with adjustment for potential
confounding variables such as age in other completed or on-going trials are needed before a clear
picture can be seen.
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Doses of Vitamin/mineral Supplements

The RDA is the average daily dietary intake level sufficient to meet the nutrient requirement
of nearly all (97 to 98 percent) apparently healthy individuals in a particular age and gender
group. There is a wide range of doses of vitamins and minerals formulated into over-the-counter
supplements. The “one-a-day” type of multivitamins/mineral supplements may contain nutrients
of 100% to 300% of the RDAs for adults. The doses of B vitamins in other multivitamin
preparations are high; usually 1667% of the RDAs, and up to 6000% of the RDAs. For vitamin
E, commonly used doses in individual vitamin E or multivitamin supplements are 100, 200, 400,
and 800 IU which, if of natural form, correspond to 333%, 667%, 1332% and 2640% of the
RDA for vitamin E. For vitamin C, commonly used doses in individual vitamin C supplements
or multivitamin supplements are 250 mg, 500 mg, and 1000 mg, which correspond to
approximately 417%, 833%, and 1667% of the RDA for vitamin C.

In this review, only two trials of multivitamin/minerals supplements reported data on cancer
and cardiovascular outcomes and the benefits on these outcomes were implicated in those who
had inadequate nutrient intake. The active supplements (combined vitamin E, selenium, and -
carotene; combined vitamin E, selenium, B-carotene, vitamin C and zinc) in these two trials were
of doses around 100%-200% of the RDAs. Hence, the efficacy of lower or higher doses of the
nutrients was not known. With respect to prevention of age-related macular degeneration, the
AREDS study used a high dose of vitamin E (400 IU) and zinc (2 times the UL), and the benefit
on preventing the progression to advanced age-related macular degeneration appeared to have
come primarily from the groups receiving zinc. In this study, of nearly 100 comparisons, a few
adverse effects occurred more often in participants receiving zinc as compared to participants
receiving no zinc, including more difficulties in swallowing the pill (17.8% vs. 15.3%), more
hospitalizations due to genitourinary problems (7.5% vs. 4.9%), more “adverse circulatory
experiences” (0.9% vs. 0.3%) and more anemic individuals (13.2% vs. 10.2%).

In the WHI study, participants were allowed to have self-selected use of multivitamin
supplements, as well as calcium and vitamin D supplements up to 1000 mg and 600 IU per day,
respectively. Hence, the WHI participants had a baseline average daily intake of 1150 mg
calcium and 365 IU vitamin D. If women randomized to the calcium supplementation group also
used their own calcium supplements and multivitamin supplements that contained calcium, a
daily total intake could have approached the UL, 2500 mg, and led to a higher risk for adverse
effects such as kidney stone formation.

Safety Consideration

As noted previously, the potential adverse effects of multivitamin or single-nutrient
supplements have not been systematically studied in well-controlled trials. Because of the
uncertainties regarding design (exposure, doses, etc.) and the ethical constraints, such studies
may never be carried out. Our assessment of the safety of supplements, therefore, must rely on
the safety monitoring during randomized controlled trials and on case reports and other
observational data.

Since the ULs were defined based on limited data or extrapolations, and generally were
based on one single indicator of adverse effects, it is not surprising that several trials reported no
adverse effects after consumption of doses above the UL. These studies may have used
indicators other than those used to define the UL for that nutrient, or may have had only slight
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increases in an adverse effect that was not significantly different from the placebo group. A few
adverse effects, because they appear with certain consistency in different trials, may be
interpreted as common responses in the general population. For example, yellowing of the skin
with sustained consumption of B-carotene at daily doses of 8 mg or higher has been described in
most studies using this nutrient. Similarly, increases in serum triglycerides with vitamin A
supplementation have been reported in several studies. Minor bleeding, particularly epistaxis,
also appears to be a relatively common effect of vitamin E supplementation. But as noted above,
there is no evidence that this vitamin results in an increased risk of more serious bleeding events,
such as hemorrhagic stroke.

A general conclusion, with the caveats mentioned regarding the limited data available, is that
consumption of multivitamin supplements for prolonged periods (1 to 8 years) appears to be
safe. We found no reports of major, life-threatening adverse effects, and no evidence of
increased mortality in groups consuming multivitamin supplements. A similar general
conclusion can be reached for single-nutrient supplements. However, the late effects of B-
carotene on cardiovascular death in heavy smokers deserve further investigation for the
underlying mechanisms. In addition, some studies confirmed the adverse effects used to define
the UL, as for example, gastrointestinal symptoms and/or diarrhea with vitamin C. While the UL
for this nutrient was set at 2 g per day, some studies have reported these symptoms with doses of
750 mg per day. It is recognized that the ULs represent a probability of an adverse event in the
general population, and that that probability (and therefore the UL threshold) may vary across
subgroups and in different circumstances.

Limitations

An enormous volume of literature exists on the effects of multivitamin/mineral supplements
when seeking to include the literature on all of the single nutrients that are often included in
multivitamin supplements. To find the most relevant literature on our questions, we had to design
a search strategy that sacrificed some degree of sensitivity in order to have reasonable
specificity. Thus, it is possible that the search strategy missed some studies that have potentially
relevant data. We tried to minimize this problem by performing hand searching of the references
in key articles and reviews, and by asking our peer reviewers to identify any important studies
that were missing in the draft report. Clinical experts may question the efficiency of our
systematic approach to searching the massive volume of literature on multivitamin/mineral
supplements, but we were concerned about the risk of bias in selecting articles for inclusion in
the review if we had relied only on experts for identifying eligible studies.

In addition, for our review of evidence on the efficacy of multivitamin/mineral supplements
in preventing chronic disease, we focused on randomized controlled trials as the strongest source
of evidence. We also focused on primary prevention studies because they are the ones most
relevant to use of multivitamins in the general population of healthy adults. Although we focused
on randomized controlled trials only for efficacy data, we included observational studies in our
consideration of the safety of multivitamins/mineral supplements.

Many of the studies had important methodologic limitations. One particularly important
limitation is that study groups often were permitted to use vitamin/mineral supplements other
than the assigned study interventions. Such leeway would have attenuated the observed efficacy
of study supplements. In addition, most studies did not provide information on trial participants’
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characteristics, such as medication use, that may have modified the effects of the nutrients of
interest.

There is marked heterogeneity of the literature on our key questions, with differences in
study design (e.g., some of the trials used a factorial design), targeted study population (with
different cultural/lifestyle and genetic backgrounds), chemical forms and doses of supplements,
and specific outcome measures. This degree of heterogeneity makes it difficult to synthesize
results across studies, and generally makes it inappropriate to perform quantitative synthesis (i.e.,
meta-analysis). The differences in study populations are particularly problematic because few
studies have examined the efficacy of multivitamin/mineral supplements in the general United
States population, making it difficult to determine whether the results of studies in other
countries such as China and France can be applied to the United States population.

There has been inconsistent reporting on the potential adverse effects of the nutrients of
interest. A significant proportion of data in the literature concerning adverse events came from
case reports that are subject to serious methodological limitations. As a result, the overall
strength of the evidence on adverse effects is weak. In addition, the implications of data from
case reports are uncertain. In a previous systematic review of case reports of adverse effects of
drugs, it was found that 83 percent of suspected adverse reactions were not further evaluated in
confirmatory studies, and adverse effect alerts were not systematically incorporated into
published drug reference information.'*’

Conclusions

Limited evidence accumulated to date suggests potential benefits of multivitamin/mineral
supplements in the primary prevention of cancer in individuals with poor nutritional status or
suboptimal antioxidant intake. However, the heterogeneity in the study populations upon which
this evidence is based limits generalization to the United States population. The evidence also
indicates that multivitamin/mineral supplement use does not have significant effects in the
primary prevention of cardiovascular disease and cataract, but may confer benefits to slow the
progression of age-related macular degeneration among persons at high risk for developing
advanced stages of the disease.

We also conclude that regular supplementation with a single nutrient or a mixture of nutrients
for years has no significant benefits in the primary prevention of cancer, cardiovascular disease,
cataract, age-related macular degeneration or cognitive decline. A few exceptions, that were
reported in a single or a few trials, included a decreased incidence of prostate cancer with use of
synthetic a-tocopherol (50 mg per day) in smokers, a decreased progression of age-related
macular degeneration with high doses of zinc alone or zinc in combination with antioxidants in
persons at high risk for developing advanced stages of the disease, and a decreased incidence of
cancer with use of selenium (200 mcg per day). Supplementation with calcium has short-term
(particularly within one year) benefit on retaining bone mineral density in postmenopausal
women, and a possible effect in preventing vertebral fractures. Combined vitamin D3 (700-800
IU/day) and calcium (1000 mg/day) may reduce the risk of hip and other non-vertebral fractures
in individuals with low levels of intake. Supplementation with B-carotene increased lung cancer
risk in persons with asbestos exposure or cigarette smoking.

The overall quality and quantity of the literature on the safety of multivitamin/mineral
supplements is limited. Available data suggest multivitamin/mineral supplement use for 1 to 8
years is safe. Among the adverse effects reported in randomized controlled trials, a prominent
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one is yellowing of the skin among B-carotene supplementation. Vitamin A supplementation may
moderately increase serum triglyceride levels. Calcium supplementation may increase the risk of
kidney stones. Vitamin E supplementation was associated with an increased incidence of
epistaxis but was not associated with an increased risk of more serious bleeding events.

Future Research

In vitro studies and animal models have helped us to understand the function of nutrients
under a controlled environment. However, these types of studies often have over-simplified the
sophistication of the human body. There is a gap in our knowledge of how specific nutrients
work in vivo to prevent disease. Future research should be directed toward filling the gap by
developing valid in vivo biomarkers and applying them in the settings of randomized controlled
trials to examine how nutrients influence the body’s physiological function and pathological
processes, and how nutrients work in concert to do so. Identifying an optimal dose in dose-
response studies is critical to guide the design of future large-scale randomized controlled trials
when the conduct of the trials is considered worthwhile.

Nutritional research has adopted a reductionist approach that emphasizes the role of
individual nutrients in physiologic function or disease process. In view of the complex
pathological processes of chronic diseases, the idea of using a single nutrient or a few nutrients
to modify disease risk carries considerable optimism. The design and conduct of several large-
scale randomized controlled trials on antioxidants was derived from epidemiological data that
showed a lower risk of chronic disease (predominantly cancer and cardiovascular disease) in
those who had higher circulating levels or dietary intake of some micronutrients. Because of
residual confounding and measurement errors in dietary assessment, dietary data from
observational studies can be better examined by patterns of food consumption with a multivariate
approach, rather than by ranking of specific nutrient intake with a univariate approach.

We have found that many studies did not report study participants’ self-selected supplement
use before and during the trial participation, and allowed self-selected supplement use during the
trial. Similarly, there was a lack of information on other variables that might have modified the
effects of study supplements. Collective study findings also may not apply to every individual.
Additional research should be done, particularly in existing randomized controlled trials, to
examine how efficacy may vary by age, time since trial enrollment to diagnosis, self-selected
supplement use, dietary patterns, disease history, medication use, and/or genetic polymorphisms.

With many food products being fortified with several nutrients, Americans’ dietary intake of
certain nutrients may well be above the RDAs. Hence, it is important to study the level of intake
among consumers and assess how nutrient fortification may influence the public’s health. An
adverse event reporting system needs to be in place to facilitate this type of research.

For policy making, research should be conducted to estimate the cost-effectiveness and the
risk/benefit profile of multivitamin/mineral supplement use or more generally, dietary
supplement use, in the general population. Such research should also consider subpopulations for
which these parameters may differ.
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Implications

The results of this systematic review have important implications for clinical practice and
public health policy. When people ask about the need for multivitamin/mineral supplements,
clinical practitioners should be aware that while multivitamin/mineral supplements are unlikely
to have serious adverse effects, it remains unclear whether multivitamin/mineral supplementation
is efficacious in preventing cancer, cardiovascular disease, or other major chronic diseases and
conditions in the general United States adult population. Clinical practitioners may need to take
into consideration other factors, such as nutritional status, when making recommendations about
the need for multivitamin/mineral supplements. For public health policy makers, our conclusion
is that evidence is insufficient to universally recommend or discourage routine use of
multivitamin/mineral supplements by adults in the general United States population for primary
prevention of chronic disease.
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Table 1. Number of articles by key questions and disease categories

KQ 1
(N=11)

KQ 2
(N =10)

KQ 3 (N= 44)

KQ4 (N = 24)

B-caro-
tene
(N =20)

Vitamin
A
(N=7)

Vitamin
E
(N=12)

Vitamin
B2 and
niacin Selenium
(N=3) (N=6)

Vitamin D/
calcium
(systematic
reviews)
(N=6)

Vitamin
D/
calcium
(RCTs)
(N=5)

B-caro-
tene
(N=13)

Vitamin
E
(N=7)

Other
nutrients
(N=6)

Cancer

14

2

8

1 5

1

Cardio-
vascular
disease

10

2

4

1 2

Cataract

Age-related
macular
degen-
eration

N[

Bone
mineral
densisty

Fracture
prevention

Total
mortality

Hospital-
ization

General
illness

Yellowing of
skin

Anemia

Genito-
urinary

Circulation

Gastro-
intestinal

Cardio-
vascular

Renal

Psychiatric

Numbers within the table may exceed total numbers in each category; nutrients may have more than one effect.
KQ = key question; Other nutrients include: Vitamin B2, selenium, zinc, and niacin
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Table 2. Summary of randomized controlled trials on multivitamin/mineral supplements and chronic disease prevention

Study Character- Study design Self- Statistically significant and statistically non-
name/ istics of Supple- selected significant findings, RR (95% CI)
Study Study Sample | Study Randomized Doses mentation | supplement
design Site/ year | Size Population groups (RDA) Period use Comment
Linxian Linxian, 29,584 age 44-60 Groups of =1-2 X 5.25 years | Not reported | SIGNIFICANT:
General China placebo, AB, RDAs (1) In the groups receiving B-carotene, vitamin E
Population 55% women | AC, AD, BC, (Prior and selenium:
Trial % ¢ 1986-91 BD, CD, ABCD supplement gastric cancer incidence
nutritionally where users were 0.84 (0.71-1.00),
Fractional deprived ineligible for | cancer mortality
factorial A: Retinol trial 0.87 (0.75-1.00),
trial low intake of | palmitate enrollment) stomach cancer mortality
fresh fruits, 10,000 IU + 0.79 (0.64-0.99),
meat, and Zinc oxide 45 total mortality
other animal | mg, 0.91 (0.84-0.99)
products (2) in the groups receiving retinol and zinc:
B: Riboflavin non-cardia stomach cancer mortality
low 52mg+ 0.59 (0.37-0.93)
circulating Niacin 40 mg, (3) in the groups receiving retinol, zinc, 3-
levels of carotene, vitamin E and selenium:
micro- C: Ascorbic Stroke death
nutrients, but | acid 180 mg + 0.71 (0.50-1.00)
overt clinical | Molybdenum
deficiencies | Yeast complex NON-SIGNIFICANT:
were not 30 ug, (1) No effects of A, B, or C on:
common Total mortality, stroke death, esophageal cancer

D: B-carotene
15 mg +
Selenium
yeast 50 ug +
a-tocopherol
60 mg

mortality,

esophageal/ gastric cardia mortality, gastric
cancer mortality, cancer mortality, total cancer
incidence, gastric cancer incidence, esophageal
cancer incidence, esophageal/ gastric cardia
cancer incidence

(2) No effect of D on:

Stroke death, esophageal cancer mortality,
esophageal/ gastric cardia mortality, total cancer
incidence, esophageal cancer incidence,
esophageal/ gastric cardia cancer incidence

(3) no effects of AB, AC, AD, BC, BD, CD, or
ABCD on:

Stroke deaths (except for AD group), total
mortality
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Table 2. Summary of randomized controlled trials on multivitamin/mineral supplements and chronic disease prevention (continued)

Study Character- Study design Self- Statistically significant and statistically non-
name/ istics of Supple- selected significant findings, RR (95% CI)
Study Study Sample | Study Randomized Doses mentation | supplement
design Site/ year | Size Population groups (RDA) Period use Comment
Linxian Linxian, 391 Mean age: Groups of =1-2 X Endo- Not reported | SIGNIFICANT;
General China 53 placebo, AB, RDAs scopy None
Population AC, AD, BC, done at
Trial — 1991 45% women | BD, CD, ABCD the end of NON-SIGNIFICANT:
end-of-trial where the trial No effects of A, B, C, or D on:
endo- younger, Dysplasia and cancer in the esophagus and
scopy more men, A: Retinol stomach cancer in the esophagus and stomach
survey68 more palmitate
smokers, 10000 IU + COMMENT:
more alcohol | Zinc oxide 45 Overall prevalence of dysplasia and cancer was
use mg, extraordinarily high, 15%.
compared to Small sample size.
the total trial | B: Riboflavin
participants 52mg+
Niacin 40 mg,
C: Ascorbic
acid 180 mg +
Molybdenum

Yeast complex
30 ug,

D: B-carotene
15 mg +
Selenium
yeast 50 ug +
a-tocopherol
60 mg
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Table 2. Summary of randomized controlled trials on multivitamin/mineral supplements and chronic disease prevention (continued)

Study Character- Study design Self- Statistically significant and statistically non-
name/ istics of Supple- selected significant findings, RR (95% CI)
Study Study Sample | Study Randomized Doses mentation | supplement
design Site/ year | Size Population groups (RDA) Period use Comment
Linxian Linxian, 5,390 age 45-74 Groups of =~1-2 X Eye Not reported | SIGNIFICANT:
General China placebo, AB, RDAs exams (1) in the groups receiving riboflavin and niacin:
Population 55% women | AC, AD, BC, done at (Prior prevalence of nuclear cataract in those aged 65-
Trial — 1985-91 BD, CD, ABCD the end of | supplement | 74, OR (95% CI) = 0.45 (0.31-0.46)
end-of trial where the trial users were (2) in the groups receiving riboflavin and niacin:
cataract ineligible for | prevalence of posterior subcapsular cataract in
study® A: Retinol trial those aged 45-74, OR (95% Cl) = 2.64 (1.31-

palmitate enrollment) 5.35)

10000 U +

Zinc oxide 45 NON-SIGNIFICANT:

mg, (1) no effects of A, C, or D on the

prevalence of nuclear cataract , cortical cataract,

B: Riboflavin and posterior subcapsular cataract

52mg+ (2) no effects of B on the prevalence of nuclear

Niacin 40 mg, cataract In those aged

55-64

C: Ascorbic

acid 180 mg +

Molybdenum

Yeast complex
30 ug,

D: B-carotene
15 mg +
Selenium
yeast 50 ug +
a-tocopherol
60 mg
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Table 2. Summary of randomized controlled trials on multivitamin/mineral supplements and chronic disease prevention (continued)

Study Character- Study design Self- Statistically significant and statistically non-
name/ istics of Supple- selected significant findings, RR (95% CI)
Study Study Sample | Study Randomized Doses mentation | supplement
design Site/ year | Size Population groups (RDA) Period use Comment
SU.VLMAX | France 12741 62% women | Vit C 120mg+ =1-2x 7.5 years Not reported | SIGNIFICANT:
69.70 vit E 30mg+ RDAs Men:
1994-2002 Mean(SD) B-carotene (Regular total cancer incidence
Parallel- age: 6mg+ (vitamin users of any 0.69 (0.53-0.91)
arm women: selenium E: of the total mortality
design 46.6 (6.6); 100pg+ chemical vitamins and | 0.63 (0.42-0.93)
men: zinc 20mg forms not minerals prostate cancer in men with PSA<3 ug/L
51.3 (4.7) specified) provided in 0.52 (0.29-0.92)
vs. Placebo the study
5141 Mean (SD) 8 years were NON-SIGNIFICANT:
(men) age: ineligible for | Men & women:
51.3 (4.6) trial Ischemic cardio-vascular disease
enrollment.) | Women:
cancer incidence, total mortality
Men:

Prostate cancer for those with PSA = 3 ug/L or
the subgroups by age, smoking, BMI, and serum
levels of B-carotene, vitamin C, a-tocopherol,
selenium, and zinc no effect on circulating PSA
and IGF levels

COMMENT:

Well-designed

Men had lower serum levels of 3-carotene and
vitamin C at baseline.

Cardiovascular events in women were only
22.6% of the events in men.

Information on prior or concomitant supplement
use was not reported.
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Table 2. Summary of randomized controlled trials on multivitamin/mineral supplements and chronic disease prevention (continued)

Study Character- Study design Self- Statistically significant and statistically non-
name/ istics of Supple- selected significant findings, RR (95% CI)
Study Study Sample | Study Randomized Doses mentation | supplement
design Site/ year | Size Population groups (RDA) Period use Comment
REACT® | US UK 297 Mean (SD) B-carotene Vit C: 3 years Not reported | SIGNIFICANT:
age: 18mg 10x Anterior % pixel opaque (primary endpoint):
Parallel- 1990-1995 + vit C 750mg RDA for (Regular users | Mean (95% Cl) Placebo:
arm UK: + all-rac a- women of any vitamin | baseline 5.0 (1.4),
design 67.55 (8.47) | tocopherol supplement last 8.3 (2.2),
acetate 600 ~8x were ineligible | Mean change from baseline: 3.3 (1.4);
uUs: mg, RDA for for trial Supplement: baseline 5.7 (1.6), last 7.3(2.0),
64.2 (8.49) 3 divided men enroliment.) Mean change from baseline: 1.7 (1.0);
doses per day Difference from placebo: -1.6 (p=0.048)
all-rac o-
vs. Placebo toco- NON-SIGNIFICANT:
pherol Retro data posterior % pixel opaque (secondary
acetate: endpoint):
40x RDA Retro data posterior % pixels opaque, retro data

anterior pupil diameter, retro data posterior pupil
diameter, nuclear color, nuclear cataract,
posterior subcapsular cataract, cortical cataract

COMMENT:

After 3 years, the positive effects were greater in
the U.S. group (% pixel opaque = 0.389 vs.
2.517 in the vitamin vs. placebo group,
p=0.0001), but not the UK group
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Table 2. Summary of randomized controlled trials on multivitamin/mineral supplements and chronic disease prevention (continued)

Study Character- Study design Self- Statistically significant and statistically non-
name/ istics of Supple- selected significant findings, RR (95% CI)
Study Study Sample | Study Randomized Doses mentation | supplement
design Site/ year | Size Population groups (RDA) Period use Comment
AREDS - | U.S. 4596 Median age: | B-carotene Vit C: 6.3 years 55% of trial SIGNIFICANT:
cataract” 56 15 mg 6.6x participants None
(11- center +vit C 500 mg | RDA who had
Parallel- trial) + vit E 400 IU prior vitamin/ | NON-SIGNIFICANT:
arm Vit E: mineral Total lens event, nuclear event, cortical event,
design 1992-2001 vs. Placebo chemical supplement posterior sub-capsular event, cataract surgery,
form not use were severe lens event, loss of visual acuity, total
specified enrolled and | mortality
supplied with
Zinc: Centrum. COMMENT:
10x RDA The study had the strengths in documenting key
Additionally, | aspects of the study conduct, including details on
13% of trial withdrawal, compliance and dropout.
participants The major limitations are the option of
chose to multivitamin use (66% of the study participants)
take and self-selected use of non-study supplements
Centrum. (20% of participants) that contain at least one of

the study nutrients.

Data on how the self-selected supplement use
distributed across randomized groups and AMD
categories were not reported.
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Table 2. Summary of randomized controlled trials on multivitamin/mineral supplements and chronic disease prevention (continued)

Study Character- Study design Self- Statistically significant and statistically non-
name/ istics of Supple- selected significant findings, RR (95% CI)
Study Study Sample | Study Randomized Doses mentation | supplement
design Site/ year | Size Population groups (RDA) Period use Comment
AREDS - 3509 Median age: | Groups of SIGNIFICANT:
age- 69 placebo, A, B, (1) zinc vs. no zinc:
related C Progression to advanced AMD (among
macular where participants in AMD categories 3&4),
degenerati OR (99% CI) = 0.79 (0.62-0.99)
on” A: B-carotene Neovascular AMD
15 mg OR (99% CI) = 0.76 (0.58-0.98)
2by2 + vit C 500 mg (2) zinc vs. placebo
factorial + vit E 400 1U Progression to advanced AMD (among
design participants in AMD categories 3&4),
B: zinc 80 mg OR (99% CI) = 0.71 (0.52-0.99)

as zinc oxide +
copper 2mg as
cupric oxide

C: B-carotene
15 mg

+ vit C 500 mg
+ vit E 400 IU
+ zinc 80 mg
as zinc oxide +
copper 2mg as
cupric oxide

(3) Antioxidants + zinc vs. placebo:

Progression to advanced AMD (among participants in
AMD categories 384; 2&3&4),

OR (99% Cl)=0.66 (0.47-0.91); 0.72 (0.52-0.98)
Loss of visual acuity score of 215 letters from
baseline(among participants in AMD categories 3&4),
OR (99% CI)=0.73 (0.54-0.99)

Risk of neovascular AMD(among participants in AMD
categories 3&4), OR (99% CI) = 0.62 (0.43-0.90)

NON-SIGNIFICANT:

(1) No effects of A or B on:

Progression to advanced AMD (among
participants in AMD categories 2&3&4)

Loss of visual acuity score of 215 letters from
baseline(among participants in AMD categories
3&4)

(2) No effects of A, B, or C on:

Loss of visual acuity score of >=15 letters from
baseline (among participants in AMD categories
2&384)

Central geographic atrophy(among those in AMD
categories 3,4)

(3) No effects of A on:

Progression to advanced AMD (among
participants in AMD categories 3&4)
Neovascular AMD
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Table 2. Summary of randomized controlled trials on multivitamin/mineral supplements and chronic disease prevention (continued)

+ vit B2 25mg+
Chromium 100
mcg

vs. Placebo

Study Character- Study design Self- Statistically significant and statistically
name/ istics of Supple- selected non-significant findings, RR (95% CI)
Study Study Sample | Study Randomized Doses mentation | supplement
design Site/ year | Size Population groups (RDA) Period use Comment
MONMD U.S. 71 Veterans B-carotene Vitamin E: | 18 months | Not reported | SIGNIFICANT:
.4 20,0001U + 6.6x RDA Distance acuity declined in the placebo
1992 vit E 2001U + (Persons group, but stable in the multivitamin group
Parallel- vit C 750mg + Vit C: who had (p=0.03).
arm citrus 10x RDA vitamin use The multivitamin group had better M print
design bioflavonoid for women in the year acuity and fewer number of scotoma in left
complex 125mg+ prior to eyes in the multivitamin group (p=0.07),
quercitin 50 mg 8.3x RDA enrollment which occurs after the 12" month.
+ rutin 50 mg+ for men were
biberry extract 5 ineligible.) NON-SIGNIFICANT:
mg+ Zinc: No significant difference between
zinc picolinate 0.83xRDA randomized groups in refraction,
12.5 mg+ metamorphopsia and LOCS |l readings on
selenium50mcg+ | Selenium: nuclear color, nuclear opalescence, and
taurine 100mg+ 0.71xRDA posterior subcapsular opacities.
N-acetyl cysteine Unanticipated cortical cataractogenic effects
100 mg+ Vit B2: for right eyes in the multivitamin group.
I-glutathione 5mg | =18xRDA

COMMENT:

Instruments used to measure cataract
transparence were not the same over the
study period and the examiners were not
well instructed.

SU.VI.MAX = SUppléments en VItamines et Minéraux AntioXydants; REACT = Roche European American Cataract Trial; AREDS = Age-Related Eye Disease
Study; ARMD = Age-Related Macular Degeneration; MONMD = Multicenter ophthalmic and nutritional age-related macular degeneration study
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Table 3. Assessment of the quality of randomized controlled trials on the efficacy of multivitamin/mineral
supplements and single nutrients in the prevention of chronic diseases and conditions.

Author, Represent- Bias and IAdherence and |Statistical Conflict of
year ativeness® Confounding®  follow-up® Analysis® Interest®
Multivitamin Studies, Cancer Prevention
Blot, 1993% Medium Medium Low Low Low
Wangé Medium Medium Medium Medium Low
1994
Meyer,| High Medium Low High Low
2005"°
Hercberg,| High Medium Medium High High
2004%°
Medium Medium Medium Medium Low
Multivitamin Studies, Cardiovascular disease prevention
Mark,| Low Low Low Medium Low
1998°°
Hercberg,| High Medium Medium High High
2004
Medium Medium Low High Medium
Multivitamin Studies, Eye Disease Prevention
Sperduto,| Medium Medium High Medium Low
1993%
Chylack,| High High High High Low
2002
AREDS,| High High Medium High High
2001a"
AREDS,| High High High High High
2001b"
Richer,| Medium Low Medium Low Low
1996"
High Medium Medium Medium Low
Vitamin A/ Beta-carotene Studies, Cancer Prevention
ATBC,| High Medium Medium High Low
1994%’
Albanes,| Medium Medium Low High Low
1996%
Rautalahti,| High Medium Medium High Low
1999%
Varis,| High Medium Medium High Low
1998%
Omenn,| Medium Medium Low High Medium
1996
Omenn,| Medium Medium Medium High Low
1996%
Green,| Medium Medium Low High Medium
1999%
Greenberg,| Medium Medium Medium High High
1996
Cook,| Medium Medium Medium Medium Medium
2000
Frieling,| Medium Medium Low Medium Medium
2000%°
Hennekens,| Medium Medium Low Medium Low
1996 ¥
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Table 3. Assessment of the quality of randomized controlled trials on the efficacy of multivitamin/mineral

supplements and single nutrients in the prevention of chronic diseases and conditions. (continued)

Author, Represent- Bias and Adherence and [Statistical Conflict of
year ativeness® Com‘oundingb follow-up® Analysisd Interest®
Vitamin A/ Beta-carotene Studies, Cancer Prevention (continued)
Lee,| High Medium Medium High Medium
1999%°
Blot, 1993% High Medium Medium Medium Low
Medium Medium Medium Medium Low
Vitamin A/ Beta-carotene Studies, Cardiovascular Disease Prevention
Rapola,| High Medium Medium High Low
1996'%
Leppalla,| High Medium Medium High Low
2000"’
Omenn,| Medium Medium Low High Medium
1996
Goodman,| Medium Medium Medium Medium Medium
2004%
Greenberg,| Medium Medium Medium High High
1996
Liu,| Medium Medium Low High Medium
1999'%
Hennekens,| Medium Medium Low Medium Low
1996 %
Lee,| High Medium Medium High Medium
1999%°
Mark,| Low Low Low Medium Low
1998%°
63 60 57 76 46
Vitamin A/ Beta-carotene Studies, Eye Disease Prevention
Teikari,| High Medium Medium Medium Low
1997'%
Sperduto,| Medium Medium High Medium Low
1993%
High Medium Medium Medium Low
Vitamin E Studies, Cancer Prevention
Varis,| High Medium Medium High Low
1998%
Albanes,| Low Medium Low High Low
1996
Albanes,| High Medium Medium High Low
2000'%
ATBC,| High Medium Medium High Low
1994°"
Rautalahti,| High Medium Medium High Low
1999%
Heinonen,| High Medium
1998' Medium High Medium
Lee,| High Medium Medium High High
2005%
Medium Medium Medium Medium Low
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Table 3. Assessment of the quality of randomized controlled trials on the efficacy of multivitamin/mineral
supplements and single nutrients in the prevention of chronic diseases and conditions. (continued).

Author, Represent- Bias and IAdherence and |Statistical Conflict of
year ativeness® Confounding®  follow-up® Analysis® Interest®

Vitamin E Studies, Cardiovascular Disease Prevention

Rapola,| High Medium Medium High Low
1996
Leppalla,
2%%0107
Lee,| High Medium Medium High High
2005%"
Lee,| High Medium Medium High Medium
1999%
De Gaetano| Medium Medium Medium High High
2m1112
Sacco,| Medium Medium Low High High
2003
Medium Low Medium High Medium
Vitamin E Studies, Eye Disease Prevention
McNeil,| High Medium Medium High Medium
20043
Teikari,| High Medium Medium Medium Low
1997'%
High Medium Medium Medium Low
Other Nutrients, Cancer Prevention
Clark,| Medium Medium Medium High Medium
1996
Clark,| Medium Medium Low Medium Low
1998"%
Reid,| Medium Low Low Medium Medium
2002'%
Duffield-| Medium Low Low Medium Low
Lillico,
2002™%°
Duffield-| Medium Low Low Medium Low
Lillico,
2002
High Medium Medium Medium Low
Blot, 1993%
Low Low Low Low Low
Yu, 1991'%
Medium Low Low Medium Low
Other Nutrients, Cardiovascular Disease Prevention
Clark,| Medium Medium Medium High Medium
1996
Mark,| Low High Low Low
1998°° Medium
Other Nutrients, Eye Disease Prevention
Sperduto,| Medium Medium High Medium Low
1993%°
Medium Medium High Medium Low

For each study, we assigned a rating of high, medium or low quality for each domain of study quality based on
whether the score for that domain was designated High (80-100%), Medium (50-79%), or Low (0-49%) quality.
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Table 3. Assessment of the quality of randomized controlled trials on the efficacy of multivitamin/mineral
supplements and single nutrients in the prevention of chronic diseases and conditions. (continued).

# Representativeness: Score was based on a total maximum score of 8 points. This included the authors’ description of setting (2
points), details on inclusion and exclusion criteria (2 points), information on excluded or non-participating individuals (2 points),
and description of key participant characteristics (2 points).

® Bias and Confounding: Score was based on a total maximum score of 28 points. This included the authors’ description of
patient assignment (2 points), details on concealment (2 points), description of differences in patient characteristics between
groups (2 points), reporting on prior supplement use (2 points), description of the differences between groups in the prior use of
supplements (2 points), description of medication use during the study (2 points), details on blinding (2 points) and the success of
blinding (2 points), confirmation of medical diagnoses by medical chart (2 points), independent interpretation of clinical
outcomes (2 points), overall blinding (2 points), randomization of arms (2 points), detail of description of study supplements (2
points), and overall assessment of the adherence to study supplements (2 points).

¢ Adherence and Follow-up: Score was based on a total maximum score of 12 points. This included the authors’ description of
flow of participants through each stage (2 points); patient adherence to study supplement use (2 points); description or
identification of unintended cross-over between randomized groups (2 points); reporting (2 points) and description of
withdrawals from the study (2 points), identifying if the study stopped earlier than planned (2 points).

Y Statistical Analysis: Score was based on a total maximum score of 12 points. This included the authors’ description of statistical
tests (2 points), how unintended cross-over (2 points) and loss-to-follow-up (2 points) was handled, reporting of primary
endpoints (2 points), adjustment for confounders (2 points), reporting of statistical power (2 points).

¢ Conflict of Interest: Score was based on a total maximum score of 2 points. This included the authors’ description identifying
the sources of funding (2 points).
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Table 4. Grading of the quality of evidence of the efficacy of multivitamins/minerals in the prevention of chronic disease

Key Question 1
Efficacy of Multivitamins/minerals

Cancer CvD Cataract AMD

Quantity of Evidence: 2 (Linxian, 2 (Linxian, 4 (REACT, Linxian, 2 (AREDS,
Number of studies SU.VI.MAX) SU.VI.MAX) AREDS, MONMD) MONMD)
Total number of patients studied 42325 42325 10354 (297+4596+ 3580 (3509+71)

(12741+29584) (12741+29584) 5390+71)
Quality and Consistency of Evidence: 4 4 4 4
Were study designs randomized trials (high quality), non- (RCTs) (RCTs) (RCTs) (RCTs)
randomized controlled trials (medium quality), or observational
studies (low quality)?
Did the studies have serious (-1) or very serious (-2) limitations in -1 -1 0 0
quality? (Enter O if none)
Did the studies have important inconsistency? (-1) 0 0 0 0
Was there some (-1) or major (-2) uncertainty about the directness -2 -2 -1 -1
or extent to which the people, interventions and outcomes are
similar to those of interest?
Were data imprecise or sparse? (-1) -1 -1 -1 -1
Did the studies have high probability of reporting bias? (-1) 0 0 0 0
Did the studies show strong evidence of association between 0 0 0 0
intervention and recruitment outcome? (“strong” if significant
relative risk or odds ratio > 2 based on consistent evidence from 2
or more studies with no plausible confounders (+1); “very strong”
if significant relative risk or odds ratio > 5 based on direct
evidence with no major threats to validity (+2))
Did the studies have evidence of a dose-response gradient? (+1) 0 0 0 0
Did the studies have unmeasured plausible confounders that most +1 +1 0 0
likely reduced the magnitude of the observed association? (+1)
Overall grade of evidence (high, medium, low, very low) Very low Very low Low Low

CVD = Cardiovascular disease; AMD = Age-related macular degeneration.
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Table 5. Summary of randomized controlled trials on beta-carotene and chronic disease

Study population

Statistically significant and
statistically non-significant

Study name/ | Study site/ | Sample (Age, sex, special | Active Supplemen- | Self-selected findings

Design Year size characteristics) supplements tation period | supplement use | (list of diseases)

PHS™ USA/ 22071 ®™* | Age range: 40-84 B-carotene 12.9 years Vitamin A STATISTICALLY SIGNIFICANT:

104,108 1982-1995 50 mg on 1% (mean) supplement users | Bladder cancer

100% men alternate day were ineligible for | (RR 1.5, 95% CI 1.0-2.2)

2by2 12 years95 trial enrollment. Thyroid cancer

factorial trial US male physicians (mean) (RR 9.5, 95% CI 2.2-40.7)

of B-carotene 23% used

and aspirin multivitamin STATISTICALLY NON-SGINIFICANT:
supplements at prostate cancer, colon cancer, rectal
baseline. cancer, lung cancer, lymphoma,

leukemia, melanoma, brain cancer,
6.4% of the stomach cancer, pancreatic cancer,
placebo group all cancer mortality, all cancer
reported taking - | incidence, myocardial infarction,
carotene or CVD death, all major CVD events
vitamin A
21884 % 12 years supplements STATISTICALLY SIGNIFICANT:
(mean) during the trial. None
22% of the B- STATISTICALLY NON-SIGNIFICANT:
carotene group Non-melanoma skin cancer,
stopped taking basal cell carcinoma, squamous cell
the study carcinoma
21468 ™™ 12 years supplements STATISTICALLY SIGNIFICANT:
(mean) before the end of | None

the trial.

STATISTICALLY NON-SIGNIFICANT:
Type 2 Diabetes mellitus
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Table 5. Summary of randomized controlled trials on beta-carotene and chronic disease (continued)

Study population

Statistically significant and
statistically non-significant

Study name/ | Study Sample (Age, sex, special | Active Supplemen- Self-selected findings
Design site/ Year | size characteristics) supplements tation period supplement use | (list of diseases)
WHS *’ USA 39876 Mean age: 54.6 B-carotene 2.1 years Users of STATISTICALLY SIGNIFICANT:
50 mg on individual None
2by2by2 Supple- 100% women alternate day -carotene supplements of
factorial trial mentation supplemen- vitamin A, vitamin | STATISTICALLY NON-SIGNIFICANT:
of B-carotene, | 1993-1996 Female health tation was E, or B-carotene All cancers other than non-melanoma
vitamin E and care professionals terminated more than once skin cancer, death from cancer, CVD
aspirin Follow-up earlier than per week were incidence, total mortality, CVD
1993-1996 planned. ineligible for trial mortality, myocardial infarction,
All data are enrollment. stroke, all major CVD events
from 2 post- 40% used
trial follow-up multivitamin At the end of
studies supplements termination of the
outside the trial | B-carotene

component, 87%

of the active

group reported

taking at least

two thirds of the

study capsules,

and 9.9% of the

placebo group

reported taking

B-carotene or

vitamin A

supplements

outside the trial.
NSCP ™ Australia 809 Mean age: 48.8 B-carotene 4.5 years No reported STATISTICALLY SIGNIFICANT:

56.3% women 30 mg per day None

2by2 1992-1996

factorial trial
of sun screen
and B-
carotene

STATISTICALLY NON-SIGNIFICANT:
Basal-cell carcinoma, squamous-cell
carcinoma
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Table 5. Summary of randomized controlled trials on beta-carotene and chronic disease (continued)

Study Study population Statistically significant and
name/ Study site/ | Sample (Age, sex, special Active Supplemen- Self-selected statistically non-significant findings
Design Year size characteristics) supplements tation period supplement use | (list of diseases)
ATBC Finland 29133 7 Mean age: 57.7 B-carotene 6.1 years Users of vitamin STATISTICALLY SIGNIFICANT:
90.97,98,101- Age range: 50-69 20 mg per day A, vitamin E, or None
103106107109, | 1984-1993 100% men B-carotene in
99.100.110 Smokers (5 or more excess of STATISTICALLY NON-SIGNIFICANT:
cigarettes per day) predefined doses | Pancreatic cancer incidence,
2by?2 (20,0001U, 20 pancreatic cancer mortality
factorial trial 1344 % Mean age: 58.8 5.1 years mg, or 6 mg, STATISTICALLY SIGNIFICANT:
of 100% men (median) respectively) None
a-tocopherol Low serum were ineligible
and pepsinogen; Serum STATISTICALLY NON-SIGNIFICANT:
B-carotene Smokers (5 or more pepsinogen Gastric dysplasia, carcinoma,
cigarettes per day) measured in carcinoid
1989-91 and
1992-93
1828 ™ | Mean age: 6.6-6.7 years STATISTICALLY SIGNIFICANT:
64.5-65.1 years None
100% men Ophthalmology
Smokers (5 or more exam STATISTICALLY NON-SIGNIFICANT:
cigarettes per day) performed in Nuclear cataract, cortical cataract,
Nov 1992- posterior subcapsular cataract,
March 1993 cataract severit
941 ™ Age 65 or older Ophthalmology STATISTICALLY SIGNIFICANT:
100% men exam performed None
Smokers (5 or more in Dec 1992- STATISTICALLY NON-SIGNIFICANT:
cigarettes per day) March 1993 Age-related maculopathy
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Table 5. Summary of randomized controlled trials on beta-carotene and chronic disease (continued)

Study Population Supple- Statistically significant and
Study Study Site/ | Sample (Age, sex, special Active mentation | Self-selected statistically non-significant findings
name year Size characteristics) Supplements Period supplement use | (list of diseases)
ATBC Finland 29133 % Age range: 50-69, B-carotene 6.1 years Users of vitamin STATISTICALLY SIGNIFICANT:
(continued) 1984-1993 100% men; 20 mg per day A, vitamin E, or Lung cancer

Smokers (5 or more
cigarettes per day)

Stratified by
baseline data

B-carotene in
excess of

predefined doses
(20,0001U, 20 mg,

or 6 mg,

respectively) were

ineligible

(RR 1.16, 95% CI 1.02-1.33) for the total
group,

(RR 1.39, 95% CI 1.03-1.88) in those
aged 65-69;

(RR 1.25, 95% CI 1.07-1.46) in those
smoker 20+ cigarettes/day;

(RR 1.23, 95% CI 1.04-1.47) in those
who always inhale cigarette smoke;
(RR 1.17, 95% CI 1.03-1.34) in those
exposed to asbestos;

(RR 1.40, 95% CI 1.10-1.78) in those
with dietary intake <8.1 mg/d;

(RR 1.35, 95% CI 1.01-1.81) in those
drank ethanol >11 g/d;

RR (1.33, 95% CI 1.01-1.73) in those
with baseline serum o-tocopherol 11.6-
13.1 mg/L

STATISTICALLY NON-SIGNIFICANT:
Lung cancer in the counterparts of the
subgroups described in the left column.
Lung cancer in the subgroups defined by
baseline dietary B-carotene, vitamin C,
or retinol, and by serum B-carotene or
retinol.
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Table 5. Summary of randomized controlled trials on beta-carotene and chronic disease (continued)

Study Population Supple- Statistically significant and statistically
Study Study Site/ | Sample (Age, sex, special Active mentation | Self-selected non-significant findings
name year Size characteristics) Supplements Period supplement use | (list of diseases)
ATBC Finland 22269 ™ | Median age: 56.9, B-carotene 4.7 years Users of vitamin STATISTICALLY SIGNIFICANT:
(continued) 1984-1993 100% men 20 mg per day | (median) A, vitamin E, or None
Smokers (5 or more B-carotene in
cigarettes per day) excess of STATISTICALLY NON-SIGNIFICANT:
predefined doses | Incidence of angina pectoris
With no history of (20,0001U, 20 mg,
angina or 6 mg,
respectively) were
29133 ' 6.1 years ineligible STATISTICALLY SIGNIFICANT:
Mean age: 57.2 (median) Lung cancer incidence
100% men (RR 1.18, 95% CI 1.03-1.36);
Smokers (5 or more lung cancer mortality
cigarettes per day) (RR 1.08, 95% CI 1.01-1.16)
28519 ™" | Mean age: 57.7 6 years STATISTICALLY SIGNIFICANT:
100% men (median) Intracerebral hemorrhage

Smokers (5 or more
cigarettes per day)

With no history of
stroke

(RR 1.62, 95% CI 1.10-2.36)

STATISTICALLY NON-SIGNIFICANT:
Incidence of all strokes, sub-arachnoid
hemorrhage, and cerebral infarction.
Mortality of subarachoid hemorrhagic
stroke, intracerebral hemorrhagic stroke,
cerebral infarction, all strokes
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Table 5. Summary of randomized controlled trials on beta-carotene and chronic disease (continued)

Study Population

Statistically significant and

Study Study Site/ | Sample (Age, sex, special Active Supplemen- Self-selected statistically non-significant findings
name year Size characteristics) Supplements | tation Period supplement use | (list of diseases)
ATBC Finland 29133 | Mean age: 57.1 B-carotene 6 years Users of vitamin STATISTICALLY SIGNIFICANT:
(continued) 1984-1993 100% men 20 mg per day | (mean) A, vitamin E, or None
Smokers (5 or more B-carotene in
cigarettes per day) excess of STATISTICALLY NON-SIGNIFICANT:
predefined doses | Colorectal cancer
29133™ (20,0001U, 20 STATISTICALLY SIGNIFICANT:
mg, or 6 mg, None
respectively)
were ineligible STATISTICALLY NON-SIGNIFICANT:
Prostate cancer incidence, prostate
cancer mortality
15618 ™° | Mean age: 57.0 6.3 years STATISTICALLY SIGNIFICANT:
100% men (mean) None
Smokers (5 or more
cigarettes per day) STATISTICALLY NON-SIGNIFICANT:
Colorectal adenoma
Post-trial | Age range: 50-69, No study 6 years for STATISTICALLY SIGNIFICANT:
follow up 100% men supplement cancer Colorectal cancer 3 to 6 years after trial
Smokers (5 or more | use during incidence and (RR 1.88, 95% CI 1.28-2.76)
29133'% | cigarettes per day) post-trial follow | cause-specific Total mortality

up

mortality

8 years for total
mortality

(RR 1.07, 95% CI 1.02-1.12)

STATISTICALLY NON-SIGNIFICANT:
Lung cancer, prostate cancer, total
mortality, urothelial cancer, stomach
cancer, kidney cancer, pancreatic
cancer, other cancers, coronary heart
disease mortality, hemorrhagic stroke
mortality, non-hemorrhagic stroke
mortality
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Table 5. Summary of randomized controlled trials on beta-carotene and chronic disease (continued)

Study Study Population Statistically significant and statistically
name/ Study Site/ | Sample (Age, sex, special | Active Supplementat | Self-selected non-significant findings
Design year Size characteristics) Supplements ion Period supplement use | (list of diseases)
scp® United 1720 Mean age: 63.2 B-carotene Median No exclusion was | STATISTICALLY SIGNIFICANT:
States 50 mg /day supplemen- made on None
Parallel- 1983-1993 31% women tation: 4.3 yrs supplement use
arm design Follow up: STATISTICALLY NON-SIGNIFICANT:
8.2 years All deaths, cardiovascular deaths,
cancer deaths
CARET Seattle, 18314 Mean age: Retinyl 4 years (mean) | Participants STATISTICALLY SIGNIFICANT:
93,105,183 WA, 105 58 palmitate agreed to have Lung cancer
Parallel-arm | Portland, 25000 IU + Vitamin A (RR 1.36, 95% CI 1.07-1.73),
design OR; San 34.3% women beta-carotene intake<5500 Lung cancer mortality (RR 1.59, 95% CI
Francisco, 30 mg IU/day, and to not | 1.13-2.23) from weighted analysis
CA; smokers or use beta-carotene
Baltimore, asbestos workers Retinol in pilot supplements STATISTICALLY NON-SIGNIFICANT:
MD; New phase (1985- Leukemia (p=0.06), mesothelioma, breast
Haven CT; 1988) then cancer, colorectal cancer, head/neck
Irvine, CA. retinyl cancer, lymphoma, prostate cancer,
palmitate bladder cancer
Pilot study 18314 (1988-1996) STATISTICALLY SIGNIFICANT:
1983-1988 Lung Cancer
(RR 1.29, 95% CI 1.04-1.57),
Main study Total mortality
1985-1996 (RR 1.17, 95% CI 1.03-1.33),

Lung cancer death
(RR 1.46, 95% CI 1.07-2.00)

STATISTICALLY NON-SIGNIFICANT:
Mesothelioma, cardiovascular death,
prostate cancer
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Table 5. Summary of randomized controlled trials on beta-carotene and chronic disease (continued)

Study Study Population Statistically significant and statistically
name/ Study Site/ | Sample (Age, sex, special | Active Supplementat | Self-selected non-significant findings
Design year Size characteristics) Supplements ion Period supplement use | (list of diseases)
CARET 17140 ™* Mean age: 62, 35% | None Post-trial follow | Participants were | STATISTICALLY SIGNIFICANT:
(cont'd) women up (6 years) asked to stopped | Lung cancer mortality (RR 1.20, 95% CI
year 1996- taking the study 1.01-1.43)
2001 supplements in

1996

Lung cancer, all cause mortality,
cardiovascular mortality,

Lung cancer (RR 1.12, 95% CI 0.97-1.31)
total mortality (RR 1.08, 95% CI 0.99-
1.17)

PHS (Physicians Health Study); WHS (Women's Health Study); NS (Not Specified); ATBC (Alpha-Tocopherol, Beta Carotene Cancer Prevention Trial); CARET (Beta Carotene
and Retinol Efficacy Trial).
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Table 6. Grading of the quality of evidence of the efficacy of single nutrients in the prevention of chronic disease

Key Question 3
Efficacy of single nutrients and related pairs

Vitamin E (alone) Selenium Beta-carotene
CVvD Cancer Cataract Total mor- Cancer Cancer | CVD Cat- Total
tality aract | mortality
Quality and Consistency of Evidence: High High High High High High High
Were study designs randomized trials (high quality),
non-randomized controlled trials (medium quality), or
observational studies (low quality)?
Did the studies have serious (-1) or very serious (-2) -1 -1 0 -1 0 0 -1
limitations in quality? (Enter O if none)
Did the studies have important inconsistency? (-1) 0 -1 0 0 0 -1 0
Was there some (-1) or major (-2) uncertainty about the -1 -1 0 -1 -2 0 -2
directness or extent to which the people, interventions
and outcomes are similar to those of interest?
Were data imprecise or sparse? (-1) 0 0 -1 0 -1 0 -1
Did the studies have high probability of reporting bias? (-1) 0 0 0 0 0 0 0
Did the studies show strong evidence of association 0 0 0 0 2 0 0
between intervention and recruitment outcome?
(“strong” if significant relative risk or odds ratio > 2
based on consistent evidence from 2 or more studies
with no plausible confounders (+1); “very strong” if
significant relative risk or odds ratio > 5 based on direct
evidence with no major threats to validity (+2))
Did the studies have evidence of a dose-response 0 0 0 0 0 0 0
gradient? (+1)
Did the studies have unmeasured plausible 0 0 0 0 0 0 0
confounders that most likely reduced the magnitude of
the observed association? (+1)
Overall grade of evidence (high, medium, low, very low) Low Very Moderate Low Low Moderate Very low
low
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Table 6. Grading of the quality of evidence of the efficacy of single nutrients in the prevention of chronic disease (continued)

Key Question 3
Efficacy of single nutrients and related pairs
Calcium Vitamin D Vitamin D + calcium
BMD Fracture BMD Fracture BMD Fracture
Quality and Consistency of Evidence: 4 4 4 4 4 4
Were study designs randomized trials (high quality),
non-randomized controlled trials (medium quality), or
observational studies (low quality)?
Did the studies have serious (-1) or very serious (-2) -2 -1 -1 -1 0 0
limitations in quality? (Enter O if none)
Did the studies have important inconsistency? (-1) -1 -1 -1 -1 0 0
Was there some (-1) or major (-2) uncertainty about the 0 0 0 0 0 0
directness or extent to which the people, interventions
and outcomes are similar to those of interest?
Were data imprecise or sparse? (-1) 0 -1 0 0 0 0
Did the studies have high probability of reporting bias? (-1) 0 0 0 0 0 0
Did the studies show strong evidence of association +1 0 0 0 0 0
between intervention and recruitment outcome?
(“strong” if significant relative risk or odds ratio > 2
based on consistent evidence from 2 or more studies
with no plausible confounders (+1); “very strong” if
significant relative risk or odds ratio > 5 based on direct
evidence with no major threats to validity (+2))
Did the studies have evidence of a dose-response 0 0 0 0 0 0
gradient? (+1)
Did the studies have unmeasured plausible 0 0 0 0 1 0
confounders that most likely reduced the magnitude of
the observed association? (+1)
Overall grade of evidence (high, medium, low, very low)
Low Very Low Low Low High High

CVD = Cardiovascular disease; BMD = bone mineral density
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Table 7. Summary of randomized controlled trials on vitamin E and chronic disease

Study Study population Statistically significant and
name/ Study site/ | Sample (Age, sex, special Active Supplementa- | Self-selected statistically non-significant
Design Year size characteristics) Supplements | tion Period supplement use | findings (list of diseases)
WHS ¥ USA 39876 Mean age (SD): a-tocopherol 10.1 years Users of STATISTICALLY SIGNIFICANT:
1992-2004 54.6 (7.0), 100% (natural individual Cardiovascular death
2by2by2 women source, 600 IU supplements of (RR0.76, 95% CI 0.59-0.98)
factorial trial on alternate vitamin A, vitamin
of B- day) E, or B-carotene STATISTICALLY NON-SIGNIFICANT:
carotene, more than once Major cardiovascular event, incidence
vitamin E per week were of myocardial infarction, incidence of
and aspirin ineligible for trial stroke, ischemic stroke incidence,
enrollment hemorrhagic stroke incidence, total
cancer, breast cancer, lung cancer,
40% used colon cancer, cancer mortality, total
multivitamin mortality
supplements
outside the trial
ATBC Finland 29133 % Mean age: 57.7 a-tocopheryl 6.1 years STATISTICALLY SIGNIFICANT:
90.97,98,101- Age range: 50-69 acetate Users of vitamin None
103106107109, | 1984-1993 100% men 50 mg per day A, vitamin E, or
99100110 Smokers (5 or more B-carotene in STATISTICALLY NON-SIGNIFICANT:
cigarettes per day) excess of Pancreatic cancer incidence,
2by?2 predefined doses | pancreatic cancer mortality
factorial trial 1344 % Mean age: 58.8 5.1 years (20,0001U, 20 STATISTICALLY SIGNIFICANT:
of 100% men (median) mg, or 6 mg, None
a-tocopherol Low serum respectively)
and pepsinogen; Serum were ineligible STATISTICALLY NON-SIGNIFICANT:
B-carotene Smokers (5 or more pepsinogen Gastric dysplasia, carcinoma,
cigarettes per day) measured in carcinoid
1989-91 and
1992-93
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Table 7. Summary of randomized controlled trials on vitamin E and chronic disease (continued)

Study Study Population Statistically significant and
name/ Study Site/ | Sample (Age, sex, special Active Supplementa- | Self-selected statistically non-significant
Design year Size characteristics) Supplements | tion Period supplement use | findings (list of diseases)
ATBC Finland 1828 ™% Mean age: a-tocopheryl 6.6-6.7 years Users of vitamin STATISTICALLY SIGNIFICANT:
(continued) 1984-1993 64.5-65.1 years acetate A, vitamin E, or None
100% men 50 mg per day | Ophthalmo- B-carotene in
Smokers (5 or more logy exam excess of STATISTICALLY NON-SIGNIFICANT:
cigarettes per day) performed in predefined doses | Nuclear cataract, cortical cataract,
Nov 1992- (20,0001U, 20 posterior subcapsular cataract,
March 1993 mg, or 6 mg, cataract severity
941 ™ Age 65 or older Ophthalmology | respectively) STATISTICALLY SIGNIFICANT:
100% men exam performed| were ineligible None
Smokers (5 or more in Dec 1992-
cigarettes per day) March 1993 STATISTICALLY NON-SIGNIFICANT:
Age-related maculopathy
29133 % | Age range: 50-69, 6.1 years STATISTICALLY SIGNIFICANT:

100% men;
Smokers (5 or more
cigarettes per day)

Stratified by
baseline data

None

STATISTICALLY NON-SIGNIFICANT:
Lung cancer

Overall and in the subgroups defined
by age, cigarettes smoking, years of
cigarette smoking, cigarette smoke
inhalation, asbestos exposure, dietary
intake of vitamin E, B-carotene,
vitamin C, retinol, alcohol as ethanol,
and serum levels of a-tocopherol, B-
carotene, and retinol
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Table 7. Summary of randomized controlled trials on vitamin E and chronic disease (continued)

Study Population

Statistically significant and

Study Study Site/ | Sample (Age, sex, special Active Supplementa- | Self-selected statistically non-significant
name year Size characteristics) Supplements | tion Period supplement use | findings (list of diseases)
ATBC Finland 22269 " | Median age: 56.9, a-tocopheryl 4.7 years Users of vitamin STATISTICALLY SIGNIFICANT:
(continued) 1984-1993 100% men acetate (median) A, vitamin E, or Angina
Smokers (5 or more | 50 mg per day B-carotene in (RR 0.91, 95% CI 0.83-0.99 for
cigarettes per day) excess of a-tocopherol to no a-tocopherol)
predefined doses
With no history of (20,0001U, 20 STATISTICALLY NON-SIGNIFICANT:
angina mg, or 6 mg, Angina
respectively) (RR 0.97 and 0.96 in the a-
were ineligible tocopherol group and a-
tocopherol+{3-carotene group,
respectively, compared to placebo)
291337 Mean age: 57.2 6.1 years STATISTICALLY SIGNIFICANT:
100% men (median) None
Smokers (5 or more
cigarettes per day) STATISTICALLY NON-SIGNIFICANT:
Lung cancer, lung cancer mortality,
total mortality
28519 ™" | Mean age: 57.7 6 years STATISTICALLY SIGNIFICANT:
100% men (median) Fatal subarachnoid hemorrhagic

Smokers (5 or more
cigarettes per day)

With no history of
stroke

stroke

(RR 2.81, 95% CI 1.37-5.79)
Cerebral infarction

(RR 0.86, 95% CI 0.75-0.99)

STATISTICALLY NON-SIGNIFICANT:
Incidence of all strokes,
sub-arachnoid hemorrhage

(RR 1.50, 95% CI 0.97-2.32),
intracerebral hemorrhagic stroke,
mortality of intracerebral hemorrhagic
stroke, cerebral infarction, all strokes
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Table 7. Summary of randomized controlled trials on vitamin E and chronic disease (continued)

Study Population

Statistically significant and

Study Study Site/ | Sample (Age, sex, special Active Supplementa- | Self-selected statistically non-significant
name year Size characteristics) Supplements | tion Period supplement use | findings (list of diseases)
ATBC Finland 29133™% | Mean age: 57.1 a-tocopheryl 6 years Users of vitamin STATISTICALLY SIGNIFICANT:
(continued) 1984-1993 100% men acetate (mean) A, vitamin E, or None
Smokers (5 or more | 50 mg per day B-carotene in
cigarettes per day) excess of STATISTICALLY NON-SIGNIFICANT:
predefined doses | Colorectal cancer (RR 0.78, 95% CI
(20,0001U, 20 0.55-1.09)
29133™" mg, or 6 mg, STATISTICALLY SIGNIFICANT:
respectively) Prostate cancer incidence
were ineligible (RR 0.68, 95% CI 0.53-0.88)
Prostate cancer mortality
(RR 0.59, 95% CI 0.35-0.99)
STATISTICALLY NON-SIGNIFICANT:
None
15538 " | Mean age: 57.0 6.3 years STATISTICALLY SIGNIFICANT:
100% men (mean) Colorectal adenoma
Smokers (5 or more (RR 1.66, 95% CI 1.19-2.32)
cigarettes per day)
STATISTICALLY NON-SIGNIFICANT:
No colorectal cancer None
diagnosis (15 cases
had a history of
polyps)
Post-trial | Age range: 50-69 No study 6 years for STATISTICALLY SIGNIFICANT:
follow up 100% men supplement cancer Hemorrhagic stroke mortality
Smokers (5 or more | use during incidence and (RR 1.40, 95% CI 1.00-1.96)
2913303 cigarettes per day) post-trial follow | cause-specific

up

mortality

8 years for total
mortality

STATISTICALLY NON-SIGNIFICANT:
Lung cancer, prostate cancer,
colorectalc cancer, total mortality,
urothelial cancer, stomach, kidney
cancer, pancreatic cancer, other
cancers, coronary heart disease
mortality, non-hemorrhagic stroke
mortality, total mortality
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Table 7. Summary of randomized controlled trials on vitamin E and chronic disease. (continued)

Study Study Population Self- Statistically significant and
name/ Study Site/ Sample | (Age, sex, special Active Supplementa- | selected statistically non-significant
Design year Size character-istics) Supplements | tion Period supplement use | findings (list of diseases)
PPPT>T Italy, 1031™ | Mean age (SD): all-rac a - 3.4 years Prior long-term STATISTICALLY SIGNIFICANT:
2by?2 1994-1998 64.2 (7.6) tocopherol (median) use of vitamin E Peripheral artery disease
factorial trial 300 U per day was an exclusion | (RR 0.37, 95% CI 0.14-0.96) in
of all-rac a- 42% women criterion persons with no type 2 diabetes at
tocopheryl baseline
acetate and Stratified by type 2
aspirin diabetes among STATISTICALLY NON-SIGNIFICANT:
those with at least Combined CV deaths, nonfatal Ml
Premature one risk factor of and stroke, total CV events , CV
termination cardiovascular deaths, non CV deaths, all Ml, all
of the trial disease at baseline stroke , angina pectoris, transient
ischemic attack, revascularization
procedure, all deaths in persons with
or without diabetes; Peripheral artery
disease in persons with diabetes
4495™ | Mean age (SD): all-rac a - 3.7 years Prior long-term STATISTICALLY SIGNIFICANT:
64.4 (7.6) tocopherol (median) use of vitamin E Peripheral artery disease
300 U per day was an exclusion | (RR =0.54, Cl = 0.30-0.99)
57% women criterion
STATISTICALLY NON-SIGNIFICANT:
With at least one risk Main combined endpoint, total CV
factor for events or diseases, CV Deaths, non-
cardiovascular CV deaths, all MI, non-fatal Ml, all
disease; 23% stroke, non-fatal stroke, transient
disbetics ischemic attack, peripheral artery
disease, revascularization
procedures, angina pectoris, all
deaths
VECAT '™ | Melbourne, | 1193 Mean age: 65.7 RRR-a- 4 years planned| 24% STATISTICALLY SIGNIFICANT:
Australia, 56% women tocopherol None
1995-2000 500 IU per day

STATISTICALLY NON-SIGNIFICANT:
Cortical cataract, nuclear cataract,
posterior subcapsular cataract, any
cataract

WHS (Women's Health Study); VECAT (Vitamin E, Cataract and Age-Related Maculopathy Trial); ATBC (Alpha-Tocopherol, Beta Carotene Cancer Prevention Trial); CARET
(Beta Carotene and Retinol Efficacy Trial); PPP (Primary Prevention Project); SD (Standard Dilatation).
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FIGURES






Figure 1. Conceptual framework for the prevention of chronic diseases and conditions with
vitamin/mineral supplements (circled numbers represent the key questions addressed in this
systematic review)

v

‘Adverse effect of multivitamin, . .
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81




Figure 2. Summary of literature search and review process (number of articles )

Electronic Databases

MEDLINE® (7880)

Hand Searching

Reasons for Exclusion
at the Abstract Review Level*

Not English language: 0

No human data: 18

Includes ONLY pregnant women: 69

Includes ONLY patients with a chronic disease or condition:
878

Includes ONLY patients receiving treatment for dialysis, trans-
plant, chemotherapy, HIV infection, tuberculosis, end-stage
renal disease, or patients in long-term care facilities: 170
ONLY covers clinical nutritional deficiency: 66

Does not apply to the KEY QUESTIONS: 1296

Does not address the use of supplements: 735

Does not report the use of supplements separately from dietary
intake: 165

Does NOT cover the defined major disease endpoints or ad-
verse effects of vitamins/minerals: 1489
Editorial/Commentary/Letter: 300

Other: 741

Cochran: Reviews and 79
CENTRAL (15)
EMBASE® (3350)
)l
\ 4
Retrieved
11324
o Duplicates
v 849
\4
Title Review
10475
o Excluded
v 6863
\ 4
Abstract Review
3612
o Excluded
v 3163
\4
Article Inclusion/
exclusion
449
o Excluded
v 386
\ 4
Included Studies
63
KQ1=11
KQ2=38
KQ3 =44
KQ4 =24

(articles can apply to more than
one Key Question)

KQ = Key Question; RCT = randomized controlled trial.

Reasons for Exclusion
at the Avrticle Inclusion/Exclusion Level'

Not English language: 0

No human data: 2

Includes ONLY pregnant women: 2

Includes ONLY patients with a chronic disease or condition: 32
Includes ONLY patients receiving treatment for dialysis, trans-
plant, chemotherapy, HIV infection, tuberculosis, end-stage
renal disease, or patients in long-term care facilities: 11
ONLY covers nutritional deficiency: 3

Does not apply to the KEY QUESTIONS: 123

Does not address the use of supplements: 51

Does not report the use of supplements separately from dietary
intake: 3

Does NOT cover the defined major disease endpoints or ad-
verse effects of vitamins/minerals: 64
Editorial/Commentary/Letter: 35

Other: 133

Narrative review, contains studies of interest OR not an RCT,
systematic review, or meta-analysis: 87

Includes ONLY infants: 6

Includes ONLY subjects less than 19 years of age (exclusion
forKQs 1 an 2 only): 1

* Total is greater than 3062, reviewers were allowed to choose more than one reason for exclusion at this level.
T Total is greater than 296, reviewers were allowed to choose more than one reason for exclusion at this level.
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Figure 3. Relative risk (RR) of total cancer, gastric cancer and esophageal cancer incidence in relation to
multivitamin/mineral supplement use

SUVIMAX all cancer incidence, male; RR=0.69 B [
(0.53-0.91); Antioxidants vs. placebo .
SUVIMAX all cancer incidence, female; RR=1.04 | o
(0.85-1.29); Antioxidants vs. placebo
SUVIMAX prostate cancer incidence; RR=0.88
(0.60-1.29); Antioxidants vs. placebo N E

Linxian gastric cancer incidence RR=0.84 n
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Figure 4. Relative risk (RR) of total cancer, gastric cancer and esophageal cancer mortality in relation to

multivitamin/mineral supplement use
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Figure 5. Relative risk (RR) of cardiovascular disease incidence in relation to multivitamin/mineral

supplement use
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